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That California supports an extremely high level 
of species diversity of bees (ca. 1500) was preliminar¬ 
ily documented in Moldenke & Neff (1974) and referred to 
subsequently in Moldenke (1976). This extraordinarily 
high number of resident bee species is however somewhat 
misleading, since the political boundaries of the state 
artificially encompass a wide spectrum of biotic realms 
and climatic patterns. This paper is an attempt to 
examine the levels of bee species richness throughout 
North America in order to demonstrate more appropriately 
respective levels of bee diversity in light of species/ 
area relations, paleohlstorical lineages and the role 
of specialized-feeding habits — all so important in a 
basic understanding of the pollination ecology of any 
region. 

The subject matter of this paper entails more 
directly an interest on my part, than the suitability/ 
maturity of the data base for analysis. Judgments I 
make in this paper on the basis of the published litera¬ 
ture and museum specimens are likely at times to be 
subsequently proven Incorrect. In very general terms, 
two of the largest and most diverse bee genera in North 
America are only partially taxonomlcally revised at this 
time (e.g., Andrena . Osmia), and two other genera (e.g., 
Dlalictus, Evylaeus ) are awaiting revision. Dr. Elckwort 
however, has been revising Dlalictus for the past several 
years and has been gracious enough to provide me at 
times with preliminary data. Though the host-plant asso¬ 
ciations of bees within the state of California are 
"relatively" well known, a large majority await the type 
of documentation and study necessary for absolute assur¬ 
ance; the bees of other regions (particularly the 

Information Included in this report is largely the 
result of several requests for information from students 
working on disparate questions in different parts of the 
U.S.A. ; in providing them with this Information in order 
to assist them to generalize their conclusions, I felt 
that much of this essentially raw data should be presen¬ 
ted publicly so that other workers could have access to 
it, in the ultimate hope that additional data could be 
generated along this aspect of inquiry to supplement 
the information presently available to me. It is in 
this spirit, that this preliminary information is pre¬ 
sented. 
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eastern U.S.) are much more poorly understood In terms 
of host-associations. 

Nevertheless, Judging from my own collections and 
those of my associates as well as a large published 
data base of floral collection records, and placing 
much weight upon the conservative ‘nature of such host- 
association patterns (In lieu of specific evidence to 
the contrary, and oftentimes meager specifically 
relevant floral association data) — I feel relatively 
confident that the major conclusions presented In this 
paper will, upon subsequent documentation, prove to be 
essentially correct. Many new species of bees are still 
awaiting collection in the United States, and many dis¬ 
tributional patterns are very Incompletely known, 
however, I expect that thanks In part to the compendia 
published by Meusebeck et al (1951) and Mitchell (i960, 
1962)(which I have subsequently amended In light of 
more recent monographic treatments) faunlstlc species 
totals will not vary by more than 5-10^. This level of 
lnae^uracy will not affect the major conclusions. Since 
this paper Involves such a preliminary analysis of 
pollination systems, data Is presented in a form which 
will facilitate adjustments In numerical analysis In 
light of yet to be published research. Likewise, this 
paper Is being presented In a primarily botanical 
Journal In order to acquaint botanists with much of the 
information that is accessible to entomologists, but 
much less accessible to botanists Interested In pollin¬ 
ation ecology. 

Utilizing twelve of the biotic units of North 
America recognized by Kuchler (1975) and Shelford (1963) 
reveals that the level of bee species richness only 
varies roughly three-fold (Table 1), excluding the 
cllmaticly extreme tundra and muskeg. The species 
totals for the Great Basin and the Southern Mixed Forest 
are low; reflecting both low actual total species diver¬ 
sity and relatively poorly collected/studied faunas. 
Though the bee faunas of these two regions will undoub¬ 
tedly Increase significantly upon subsequent study, I 
am confident they will still remain relatively the most 
Impoverished. 

The Chlhuahuan and Sonoran deserts support nearly 
900 known bee species. Species resident In the Mexican 
portions of this arid region have not been Included 
since they remain largely uncollected, and those speoies 
which have been named remain poorly known. Therefore 
this total of 890 species is undoubtedly a very low 
estimate for the non-montane desert region as a whole. 
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# PLANT # PLANT 
GENERA FAMILIES 
TOTAL TOTAL WITH WITH 

BEE SPECIALIST SPECIALIST SPECIALIST 

BEES 


SPECIES 

SPECIES 

BEES 


\ 

\ 

1 

/ 

DESERT G>) 

890 

592 

38 

27 

MEDITERRANEAN CALIF. (nJCf) 

830 

466 

53 

23 

FORESTED CALIFORNIA(.^Cf) 

600 

252 

38 

22 

ROCKY MOUNTAINS fistl) 

500 

90 

20 

22 

GREAT PLAINS («P) 

500 

184 

28 

19 

BOREAL FOREST (8rt 

450 

77 

19 

14 

fOAK/HICKORY FOREST (»hf> 

[mixed mesophytic frst 

450 

106 

28 

23 

PACIFIC NORTHWEST (?nJ) 

425 

104 

25 

- 

OAK/HICKORY/PINE forest 

(oh Ft) 

425 

84 

21 

19 

DESERT MOUNTAINS 6>«0 

395 

98 

16 

- 

GREAT BASIN (SB) 

333 

165 

27 

20 

SOUTHERN MIXED FORESTS 

280 

63 

13 

11 

TUNDRA & MUSKEG (t) 

84 

13 

6 

5 


TABLE 1. BEE SPECIES RICHNESS OF NORTH AMERICAN 
BIOTIC REALMS. 

"Pacific Northwest" includes the mountain axis of 
southwestern Canada, Washington, Oregon and 
northernmost California; it does not include the 
Great Basin intermontane portions of this territory 
nor does it include the forested regions of the 
major mountain chains in California."Desert 
Mountains" includes montane and subalpine regions 
of Arizona and New Mexico. 
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The well-studied mediterranean climatic region of 
California contains approximately 830 species; this Is 
a relatively robust estimate and does not Include 
species which are primarily forested montane within 
California, only Infrequently occurring In the regions 
of upper chaparral In the Sierra Nevada. The Rocky 
Mountain region and the Great Plains are next In abun¬ 
dance with approximately $00 resident species, followed 
by significantly lower levels within the three forested 
eastern provinces as well as the montane forested 
Pacific Northwest (Table 1). 

Within the different geographic regions of Cali¬ 
fornia, likewise, there Is only approximately a 3-fold 
difference In bee species richness. The southern more 
xerlc regions are characterized by the highest levels 
of species richness, while the Great Basin, alpine, 
northern and Immediate coastal regions are characteri¬ 
zed by lower levels (Table 2). The total number of 
forested California bee species Is approximately 600, 
well below the respective mediterranean and desert 
totals. 

There is no particular correlation between the total 
bee species richness and the extent of the area occupied 
(Illus. 1). Regions of high bee diversity have in 
common an arid/semi-arid climate and relatively low 
canopy. However, the same features characterize the 
Great Basin and Great Plains, regions of distinctly less 
bee species. The number of bee species per 1,000 ml^ 
varies from 0.5-3.0 for all regions (excluding the tun¬ 
dra) except for California, where forested montane 
California is characterized by approximately 12.0 and 
mediterranean California by 14.0 bee species. When the 
bee fauna for the entire eastern half of the United 
States (ca. 700, Meusebeck et al in Mitchell (i960)) is 
totalled, only approximately 0.5 bees per 1,000 mi 2 are 
encountered. Why the diversity of both forested montane 
and mediterranean California should be nearly ten times 
that of other regions of comparable altitudinal and 
climatic diversity is not known with certainty. On 
first examination, the crucial determinant would appear 
to be the mediterranean region, since a large percentage 
(theoretically difficult to estimate) of the forested 
bees in California are much more characteristic of the 
chaparral than the forest understory. The mediterranean 
climate regime is paleohistorically very novel, dating 
from only the past million years (Axelrod, 1966). The 
flora of California is also exceptionally diverse, both 
in terms of endemic relict species and rapidly evolving 
contemporary lineages; the former group is basically 
forest-associated while the latter is a feature of the 



1979 


Moldenke, Host-plant coevolution 


361 


# PLANT 
GENERA 

TOTAL TOTAL WITH 

BEE SPECIALIST SPECIALIST 
SPECIES SPECIES BEES 


NO. GREAT BASIN (m«B) 

213 

118 

17 

GREAT BASIN («3 

179 

98 

14 

OWENS VALLEY OY> 

394 

253 

33 

mojave deserted; 

456 

271 

33 

COLORADO DESERT 

482 

299 

35 

TRINITY/SISKIYOU MTS.(T/s) 220 

86 

11 

ALPINE SIERRA NEVADA (US') 

183 

89 

13 

NORTHERN SIERRA NEVADA^s )398 

170 

28 

SOUTHERN SIERRA NEVADA^ 516 

219 

38 

MONTANE SOUTHERN CALIF. 

(A'lJSC) 

422 

186 

30 

COASTAL DUNES & SAGEfO 

172 

52 

12 

NO. COAST RANGES 

377 

152 

33 

SO. COAST RANGES 

520 

262 

44 

CISMONTANE SO. CALIF. (c-sc) 555 

253 

47 

NO. CENTRAL VALLEY (We A 

238 

108 

29 

SO. CENTRAL VALLEY (sev) 

282 

161 

36 


TABLE 2. BEE SPECIES RICHNESS OF CALIFORNIA 
GEOGRAPHIC REALMS. 

Data slightly corrected from that presented in 
Moldenke (1976b) in light of recent monographs 
and personal observations. 


ILLUSTRATION 1 

RELATIVE RICHNESS OP THE BIOTIC REGIONS OF NORTH AMERICA 
Abbreviations as In Table 1 
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arid ecosystems (Raven, 1977). The high proportion of 
forest floral endemics In California has been attributed 
to the relatively milder conditions during the Tertiary 
In California relative to more continental climates In 
North America. Perhaps a diverse assemblage of bee 
lineages also survived In the California forests under 
these conditions, and under the Increasing aridity 
Initiating In the Neogene have secondarily invaded the 
non-forested regions of the nascent mountain systems 
and rapidly speclated from this Initially enriched 
stock. 


Bee species with specialized feeding habits are 
frequent In all regions of the United States; so are 
species with established generalist feeding strategies. 
The vast majority of feeding strategies are not known 
with established certainty. Extrapolating from the 
habits of known close relatives (In the absence of con¬ 
flicting data) does allow us to form general conclusions 
about the nature of food-choice preferences for the 
vast majority of species though. "Specialist-feeding” 
bee species should not be regarded as monoleges — 
absolute specialization by a bee on only one species of 
plant host throughout its range is seldom, If ever . 
realized when the plant genus is not monotyplc in the 
region concerned (e.g., Larrea ) or the bee species 
very highly restricted in distribution. Specialist- 
feeding bees are usually restricted to the generic (or 
occasionally subgeneric) or closely-related generic 
group level (i.e., Potentllla . Ivesla , Chamaebatla & 
Horkella ). Some semi-specialists visit only a restric¬ 
ted subset of species of the families Composltae or 
Leguminosae. Specialists are usually faithful to the 
same "host-plant 11 throughout their range, though seldom 
have studies been undertaken to conclusively demon¬ 
strate this accepted working hypothesis. 

For Instance, Nomadopsls fracta visits the shrub 
Erlodlctyon (Hydrophyllaceae) throughout Its extensive 
range exclusively, except for regions of volcanic ash 
on Mount Shasta where it visits only the acaulescent 
Nama rothrockll (Hydrophyllaceae), Erlodlctyon not being 
present (Moldenke, unpub. obs.)(one series bearing 
pollen and collected on Phacella brachyloba (Hydrophyl¬ 
laceae) in the San Bernardino Mountains exists in col¬ 
lections; and Rozen (1958) cites one possible instance 
on P. douglasll ). Likewise, the very abundant 
Nomadopsls edwardsll is one of a sibling pair of 
species visiting Potentllla and closely related genera 
(Rosaceae) throughout extensive portions of the Paoiflo 
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Coast, however, at Mammoth Lakes, California, the popu¬ 
lation is morphologically dimorphic — the larger 
individuals collecting the pollen and nectar of 
Calochortus (Liliaceae) apparently exclusively (Moldenke, 
unpub. obs.). I cite these examples from Nomadopsls , 
because the host-selections of most of these species 
have been clearly well-documented by Rozen (1958), and 
all the known species (except one) are clearly some of 
the most specialized bees known, but even in this 
group there are clearly some issues that need further 
study. 

In the section that follows, I do not mean to imply 
that host-selection habits are fully known, or that when 
fully known there may not be many minor variations to 
the behavior noted, however, I confidently expect the 
general scheme I am presenting will not be grossly 
distorted. Poorly known groups clearly in need of 
subsequent study are indicated. 

The series of phylogenies (Illustration 2) is 
presented in an oversimplified diagrammatic fashion to 
represent both the sequences of host shifts ( n ^W f ) and 
the notable range extensions that have occurred in the 
evolution of North American bees. I recognize that the 
categories for range distribution are overgeneralized 
and perhaps overly simplistic in that they recognize 
basically only arid versus humid forest classes. At 
this stage of analysis, increasing the number of 
categories obscures the basic floristic relationships 
and patterns of plant associations. I have treated 
these categories somewhat liberally, for instance if a 
group is characterized by a basically arid western 
desert distribution, but does Indeed inhabit a consid¬ 
erable portion of the southern prairies I have not 
noted that as a significant range expansion, but only 
have done so when such a distribution has clearly 
enlarged to include the eastern plains or the under- 
story of the eastern forests. On the other hand, 
typical montane forested cool temperate species are 
noted in the xeric region only if they significantly 
inhabit xeric regions, rather than the isolated 
forested mountain tops throughout the western basins 
and deserts. Presumed paleogeographic lineages 
(based largely on the circular reasoning of present 
distributions) are basically unchanged from those 
presented in Moldenke (1976), and represent the 
published conclusions of taxonomic specialists or 
educated guesses on my part. Those of the Dufoureinae 
represent unpublished studies of Bohart, Lincoln and 
myself; these studies will be published in more detail 
subsequently. 
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I have found approximately 250 instances of host 

changes of the nature polylectic *-» specialist or 

specialist a -* specialist^ (this excludes some unmono¬ 

graphed subgenera of Andrena and Osmla ) in the evolu¬ 
tion of North American bees. Depending on one’s 
point of view, this can be taken as either a surpri¬ 
singly large or a surprisingly small number since no 
comparable data exist. I personally fall into the 
latter camp for it should be emphasized that many such 
instances of specialization or ’’shifts” have not been 
particularly ’’successful” gauged in terms of adaptive 
radiation subsequent to such host changes nor have many 
of such changes markedly affected the pollination 
ecology of the North American flora. Many bee taxa 
which demonstrate host-specialization and host-shifts 
most frequently are not the most important pollinators 
of their respective hosts. There are also very many 
abundant melittophllous plant groups in North America 
which have not coevolved with any specialist-feeding 
bees at all, Indeed the flora of North America (except 
for certain dominant tree genera) is overwhelmingly 
melittophllous. 

Illustration 2 reveals that the presumed primitive 
character state in most groups Is generalized feeding. 
This is not based solely on theoretical concerns, but 
in fact in many groups the structurally least special¬ 
ized species are known to be generalized feeders. In 
some of the groups we do not know, even by Inference, 
what the ancestors may have fed upon, since the least 
specialized species are characterized by divergent 
feeding patterns; my most reasonable guess of ancestral 
feeding patterns is sometimes indicated in the left-hand 
column. It Is notable, and surprising I think, that 
there are no instances of host changes of the type from 
specialistpolylege. Specialization appears to be 
an exclusively one way process. The only semblance of 
such a shift takes place in the evolution of our largely 
endemic Centrls ( Xerocentrls ) polyleges from ancestors 
within the genus Centrls which while polylectlc for 
pollen supplies still were obligately specialized to 
harvest oils instead of nectar (Neff unpub.). 

In addition to the presumed and postulated ancient 
polylectlc ancestors of our North American bee fauna, 
there have been at least 9 Neotropical, 2 Arctotertiary 
(with close present Old World ties) and two recent 
accidental introductions of formerly specialized 
lineages which have maintained their pattern of special¬ 
ization here. Of the 250 Instances of evolutionary 
host-plant specialization or switches, most have 
occurred in very few genera: more than 60 in Perdlta, 
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24 In Dufourea, 18 in Nomadopsis , 15 in Colletes , 23 in 
the Eucerinae. Perdita and Andrena are the two most 
diverse genera in North America, hence their degree of 
specialization is not unexpected. The third largest 
genus, Dlalictus , has speciated in the absence of host- 
plant specialization; all North American species are 
generalized feeders with the possible exception of one 
desert species implicated in association with Euphorbia 
(Eickwort, pers. comm.). Both Diallctus and Evylaeus 
(considered by some workers congeneric) are apparently 
generally polylectio throughout their range, seldom 
specializing either in the Old World or the New World 
(Ebmer Sc Pauly, pers. comma. ). I presume that this 
indicates that these and other halictine bees do not 
have the same type of genetic host-selection mechanisms 
possessed by most other bees. 

Nearly all of the specialization events noted are 
those from polylege —> specialist, only 53 are possibly 
switches between different non-confamiliav individual 
plant hosts, again implying the unidirectional and 
apparently "dead end" nature of such switches. Interes¬ 
tingly, about half of the switches that apparently do 
occur take place In the Sonoran Desert and the other 
half in the Mediterranean regions of California, prac¬ 
tically none in the other regions of North America. 
Though the arid regions do support greater diversities, 
this degree of difference cannot be accounted for on 
that basis alone. Climates are less predictable and 
smaller shifts in amplitudes in these regions produce 
greater effects on the flora and fauna perhaps by alter¬ 
ing germination cues and the temporal synchronization 
of host plant and bee disproportionately. 

Of these 53 non-confamilial host-shifts, only 10 
occur between taxa which appear visually rather similar 
(at least to human eyes). Though relevant data on 
chemical cues are lacking for most taxa, it is reason¬ 
able to suppose that many such switches have indeed 
occurred between taxa which are In fact extremely 
dissimilar. In certain cases the recipient host is a 
dominant plant (e.g., Larrea , Prosopls ) that the former 
species could reasonably be expected to have continual 
exposure to, or in some cases the novel host is one of 
the very few other plants to bloom during the particular 
time of year the original host was in bloom (e.g., 
Tldestromia , Llmnanthes ), but in many instances logical 
"explanations" for such shifts elude me. Examination 
of the lineage diagrams also reveals an additional ca. 

30 coitfamilial host-shifts, occurring between visually 
rather dissimilar plants ( Phaoella/Nemophila ; Clarkia / 
Camlssonla ; Lesquerella/Stanleya ; Mentzella/Petalonyx ); 
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it is reasonable to presume tentatively that such 
shifts were facilitated by the recognition of certain 
phylogenetlcally shared chemical characteristics, 
however such assumptions must be tested by subsequent 
chemical analysis. 

In an analysis of evolutionary host-shift patterns, 
it is of course of utmost importance to determine as 
precisely as possible the cladistic relationships 
amongst the species themselves. I have accepted the 
published opinions of taxonomists wherever available. 

I have tried in all possible instances to examine their 
implied/stated cladograms with a skeptical eye, but 
seldom have I felt that an application of Occam’s Razor 
(solely in light of known/postulated host associations) 
would change their point of view, except in instances 
of very rare incompletely known taxa which were unknown 
from the standpoint of host associations as well. Minor 
differences, either of conscious design on my part or 
misinterpretation, will be apparent since I have chosen 
to present diagrammatic cladograms to facilitate data 
examination in problem phylogenies. It is important to 
note that seldom (if ever) have bee taxonomists consid¬ 
ered host-association or weighted it heavily in con¬ 
structing their published phylogenetic speculations; 
such relationships are generally based on morphological 
structures, particularly the male genital apparatus. 
Indeed, recent monographers of Andrena have considerably 
revised the postulated relationships of this very large 
genus by not treating specific floral adaptations in 
their phylogenetic schemes. 

I believe that the only conscious changes I have 
incorporated herein are: 1) the sinking and remixing of 
A. ( Scaphandrena ) into A. ( Micrandrena )(a separation 
termed possibly artifactual by the latest monographer 
— Ribble, 1974) which entails the lumping of the 
crucifer-feeding M. piperi -group, M. prlmulifrons -group 
and all crucifer-feeding Scaphandrena ; uniting M.(I) 
chlorogaster with S. merriami ; S. lomatii . mackiae , S. 
plana with M.(I) microchlora ; M. (i) melanochroa perhaps 
united with Derandrena zizlaeformis ; 2) the lumping of 
possible Polemonium A. ( Euandrena ) feeders (i.e. A. 
polemonil to A. segregans ) by application of Occam’s 
Razor; 3) the uniting (largely) on the basis of simi¬ 
larities of the 8th sternum from various tentative 
placements of a group of species related to the Perdita 
vlttata/sonorensis groups (since many of these species, 
e.g., P. heliotropii , covilleae . punctulata . plucheae , 
perixantha . paryella . ambigua . tarda. have unknown 
hosts, at this preliminary level of analysis, the 
point is largely moot); 4) the uniting, by Occam’s 
Razor only, of the p # koebelei -group with other’ 
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Mentzella-feeding Perdita ; 5 ) unitin g the Lesquerella - 
feeding A. ( Tylandrena ); 6) removing Colletes larreae 
Sc C. turgiventrls from the C. robertsoni group on the 
basis of their distinct genital apparati; 7) linking 
P. ( Alloperdlta ) to P. ( Procockerellla ) by Occam’s 
Razor alone; 8) removing the long-faced Perdita hurdl 
and P. glliae from the long-tongued P. (G lossoperdlta ) 
and placing them in P. ( EplmacroteraJ ; 9) transferlng 
Perdita erythropyga & P. fulvlcauda from the ventralls - 
group to the octomaculata -group on the basis of the 
similarities of the eighth sternum; 10) linking by 
Occam’s Razor the Dalea-oligoleges in Ashmeadlella 
( Rhamphorhyncha , Cubltognatha Sc Corythochlla ) ; 11J 
postulating monophyly in each of the composite-. Dalea - 
and Phacella-feeding groups of Anthocopa (2remosmla7 
Isosmla ); 12) lumping as monophyletic the legume 
oligoleges in Qsmla ( Nothosmia Sc Acanthosmoides ) on the 
basis of Occam’s Razor alone in the absence of any 
conflicting information. 

In groups which have not been recently monographed, 
cladistic sequences were not attempted, and are not 
indicated in Illustration 2, nor are the switches 
(whatever form they may really take) counted in textual 
analysis. Cladograms of Colletes and Perdita are 
original but attempt to agree with the taxonomic 
specialist’s published anecdotal remarks. 

Of the host-specialization relationships eluci¬ 
dated in this manner, most are represented in the 
western United States. Indeed, California is uniquely 
situated in which to study the precise forms that such 
adaptation can produce since all the trophic couplings 
between particular plant genera and specialist-feeding 
groups except 30 occur within the state; there are 
another six resident plant groups with specialist 
feeders in closely adjacent regions which subsequent 
field work will probably discover in California as well 
(i.e., Cornus, Nothocalais . Stanleya . Descuralnla , 
Wlslizenla . Polamonlum ). 


Illustration 2 represents approximately 50 bee 
lineages that are suspected of ancient Arctotertiary 
Floral ties to closely related species in the Old 
World, 40 Neotropical, 25 endemic Madrotertiary Flora 
and 35 old North American Tropical. Since these lineage 
ancestries are by definition highly speculative, these 
results should be taken to indicate only relatively 
heavy phylogenetic inputs from the three external source 
paleohistorical realms to the present bee fauna of North 
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America. The terms Arctotertlary and Madrotertlary 
refer primarily to the floral associates of the bee 
lineages since the paleohistorlcal age of most bee 
groups is completely unknown in the absence of relevant 
fossils. Most bee taxonomists (unlike myself) believe 
that most bee lineages are of much more recent deri¬ 
vation than these basic floral assemblages. Both 
Arctotertlary and Neotropical (open savanna and humid 
forest not distinguished) stocks have contributed 
heavily to the semi-arld/arid regions of the south¬ 
western United States; contributing by my count approx¬ 
imately 45 stocks each. Neotropical stocks have 
undoubtedly contributed even more heavily, since I 
am thoroughly unfamiliar with the bee fauna of semi- 
arid Mexico, and it is quite probable that no addit¬ 
ional Arctotertlary elements (not already counted) 
have contributed. Twenty Neotropical stocks have 
also contributed heavily to the forested regions of 
the southeastern U.S.A., though many of these elements 
may have been archaically associated with North America 
rather than with temperate South America whose faunlstic 
contribution may be limited to late Pliocene. Twenty- 
one separate lineages traceable to basically arid stock 
but not definitely associated with either Neotropical 
or Arctotertlary ancestries (termed "endemic Madro- 
tertiary") have contributed to the present 
cool temperate North American fauna as well. 

True range expansions of lineages into novel 
geofloras, usually Involve polylectlc species, or 
species which have followed a successful invasion by 
their host plant (i.e., Cucurblta . Opuntla . Oenothera? ? 
Petalostemon ) or species which were basically "famlly- 
oligoleges" and which were able to switch to alternate 
but closely related host plants. Range extensions 
associated with specialization upon a totally new 
plant host characteristic of the recipient floristlc 
realm are not frequent; all such examples cited in 
Illustration 2 represent cool humid forest-—* semi-arid 
scrub shifts, except for two independent Prosopls —> 

Sallx shifts. (Too little data is available to cite 
any potential Neotropic *—* Madrotertlary extensions 
accompanied by major host jumps; such examples most 
certainly exist, however, I know too little about the 
pattern of host-selection in most truly Neotropical 
genera). 

An interesting case in point involves Andrena 
( Callandrena ). a group clearly associated with the 
Compositae (except one very distinct species, A. 
levlpes ) of the arid portions of Mexico and southwes¬ 
tern United States. LaBerge has carefully monographed 
( 1967 ) the group and provided detailed postulates of 
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cladlstic relationships. Of the twenty species which 
are not primarily distributed In the desert United 
States or Mexico, there are eleven distinct lineages 
(treating the genital\icly distinct A. haynesl as a 
monotypic group). Though host generic identity of the 
Mexican and southwestern United States species are 
not known, it is clear that nearly all of the basic 
lineages within the subgenus were able to expand into 
the adjacent portions of North America by specializing 
upon one particular genus (or several closely related 
ones) which then provided an access route to great 
geographic expansion (presumably through limited 
competition); though several species utilize apparently 
the same genus, the overlap was apparently circumstan¬ 
tial and not determined by the nature of their as yet 
unknown ancestral Mexican hosts (e.g., A. allclae - 
Hellanthus/Rudbeckla ; A. melllventrls - Galllardla & 

A. rudbecklae - Rudbeckla / Ratlblda T *A. accepta - 
Helianthus; A. crawfordl / sltlllae - Pyrrhopappus & 

A. krlglana - Krlgla ; A. simplex - Aster / Solldago & 

A. placata - Solldago & A. asterls / asteroldes - Aster ; 

A. fulvlpennls - ?oligolectic?; A. haynesl - 
Helianthus ; A, hellanthl - Helianthus & bracata - 
Solldago & A. vulplcolor - autumnal Chrysothamnus & 

A. lrrasus - Amphlachrys/Gutlerrezla ; A. hellanthlformls 
- Echinacea ; A. gardlnerl - vernal Seneclo & A. ardls - 
Chrysothamnus7Gutlerrezla ). Thus the United States 
assemblage of species are not closely related as one 
might initially expect but seem to represent a 
diverse array of independent phylads, each of which 
owes its range expansion in some way to a separate 
instance of host specialization — quite probably 
Involving generic shifts from the ancestral host in 
many cases. 

Table 3 summarizes the information in the phyletic 
charts as to plant genera within North America that 
are known to support specialist-feeding bees. In each 
case the probable number of independent evolutionary 
switches leading to that particular host association 
is indicated in parenthesis. Generic specialization 
within the Compositae, other than Clohoreae is omitted 
for brevity sake. The largest number of independent 
specialist groups are associated with the Compositae 
(38 summer & fall composites; 13 spring Lasthenla , 

Layla . Blennosperma ; 5 spring cichorlacs Agoserls , 
Malacothrlx . Anlsocoma ; 5 summer Stephanomerla , 
Pyrrhopappus ); this group contains in excess of 525 
species of which the host choices are relatively 
certain, well in excess of one third of all the 
specialized-feeding bee species in North America. 
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/•/ r , TABLC 3 

I Blooms at odd-time of the day : J ^ 
Blooms early in the mornin g 

Calystegla (1;1) 

Camissonia ( 36 ; 4 ) 

Cucurbita ( 14 ; 2 ) 

Ipomoea (6;3) 

Agoseris/Malacothrix( 14+2 ?;5) 
Pyrrhopappus/Krigia (8;2) 

Slcyos (1;1) 


Blooms In the evening 

Camissonia (several) 

Oenothera ( 25 ;11) 
Mentzelia (several) 


II Blooms at odd-times of the 
Blooms in the early spr ing 

Amsinckia (1;1) B 

Erythronium (3;2) 
Llmnanthes (2;2) 
Lomatium/Sanicula (2;1) 
Ribes ( 2 +?;l) 

Salix ( 29 ; 11 ) 

Zlgadenus (1;1) 

Ranunculus (3;2) 

Claytonia (1;1) 

Vacclnium (1?;1) 

spring dandelions( 14 + 2 ?;5) 

spring composites(29+8?;14) 


^ear: 


Blooms at the very end 

of the season 

/Aster 
1Baccharis 

Chry sothamnus/Haplo- 
J pappus (many) 

Gutierrezia/Hetero- 

/ theca 

VSolidago 
Gayophytum (5;2) 
Perideridia (1;1) 


H! Dominant plant in community (or most abundant): 

An pnnor Amo / O . O \ 7 


Aaenostoma ( 2 ;2) 

Arctostaphylos ( 4 + 27 ; 3 +l) 
Ceanothus/Rhamnus (4+1? ; 5) 
Chrysothamnus/Haplopappus 
(many) 

Larrea (22; 12+3?) 
Lasthenla/Layia(26+7 ?;11) 
Lesquerella {7+3?;3) 


Prosopls (30+2?;9) 
Hellanthus (many) 
Eschscholzla (15;7) 
Erlogonum (l6+3?;2) 
Potentllla (alpine)(6 ; 4 ) 
Cercldlum (1;1) 

Acacia ( 2 ; 2.) 


IV Unusual, hard-to-handi» 
unusually tlnv pollen 

Cryptantha (24+2?;5) 

Mertensla (2;1) 

Nama (8+2 ?;3) 

Coldenla ( 15 + 2 ?; 4 ) 

unusually tiny flowera 

croton (2; l) " 

Euphorbia ( 28 + 10 ?; 11 ) 
Erlogonum(16+3;2) 

(not fasciculatum) 
Tldestromla ( 3 + 2 ?; 2 + 2 ?) 


floral morpholog y; 

pendant flowers 
Chamaedaphne ( 1 ?; 1 ) 
Calochortus(albus+)(2;1) 
Campanula (rot.+)(l;l) 
Symphorlcarpos (1;1) 
Erythronium (3;2) 
Mertensla (2;1) 

Dlcentra (1?;1?) 
Emmenanthe (2;2) 

Viola (1;1) 

Vacclnium ( 1 ; 1 ) 

Phy sails/Chamaesaracha 
( 16 + 6 ?; 4 ) 
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- r «>, . TAZLF 3 , , 

CfaS£«S 6+ r /»Kti tt>i+k *f*eiCklisr- 

(M S pexiles j ^ /»tc/ey?e *</&*./ /;*icc*.?es) 

IV (cont.) Unusual, hard-to-handle floral morphology : 


- r«f ; 


tubular flowers? with or 

without guard hairs 

Abronia (1;1) 

Amsinckia (1;1) 

Coldenia (15+2?;4) 
Gryptantha(24+2?; 5) 

Sr1a s t rum/Navarre tla 
(10+3?;3) 

Heliotropium (5;4) 
Linanthus (6;3) 
Nemophila (7;4) 

Verbena (3+1?;1) 

Cirsium (4;2) 

Pontederia (3;2) 
Passiflora (1;1) 
Petalonyx (2;1) 

Menodora (1; 1) 

Ipomopsis (1;1) 
Erlodlctyon (4;4) 
Penstemon (7+5?;3) 

Nama (8+2?;3) 

Mimulus (1+1?;2) 

Lycium (2?;2?) 
Monardella (2;1) 

Salvia (2+1?;3) 

Monarda (5+1?;3) 


V Flowers with oils but no nectar 

Steironema (4;1) 


unusually large pollen 

Callirhoe (2;2) 

Calystegia (1;1) 

Ipomoea (6;3) 

Hibiscus (1;1) 

Camlssonia (35;4) 

Clarkia (11;9) 

Oenothera (25;11) 

Cirsium (4;2) 

Gayophyturn (5:2) 
Malacothamnus (2;1) 
Slda/Sidalcea (1;1) 
Sphaeralcea(26+7?;10+1) 
Cactaceae (17+10?; 8 ) 

exclusion flowers 

Dalea(23+8?;12+1?) 
Lotus/Luplnus/Astragalus 

(36+14?;13+1?) 
Trifolium (8;4) 
Petalostemon+(12+2?;3) 
Melilotus (1?;1?) 


UNCATEGORIZED EXAMPLES 

total composites(4l6+74;38) 
Phacelia (39+7?;20) 
total Mentzelia(24+1?;8) 
(bees not nocturnal) 
total Potentllla(6;4) 
Capparidaceae (13+3? : 9) 
Calochortus (16+3?;3) 

(not pendant) 
Stephanomeria (4; 3 ) 
Lepidium (6+2?;2) 

Gilia (6;5) 

Campanula/Specularia(4;2) 
(not pendant) 

Heuchera (2;1) 

Nothoscordum (1;1) 


Polemonium (2+1?;1) 
Cornus (4+1?;1) 
Zizia/Taenidia/Thaspium 
( 2 + 1 ?; 1 ) 

Descurainla (3;1) 
Fallugia (3?51?) 
Platystemon/Meconella 

(3+3?;D 
Kalmia+(1+1?;1) 

Rhus (1;1) 

Hydrophyllum (1;1) 
Thelypodlum (1;1) 
Arenaria (I5I) 

Barbarea (1;1) 

Argemone (1;1) 
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Lumping all papilionaceous specialist-feeders would 
yield about 40 separate specialist bee groups, but 
they are composed of only about 125 suspected 
specialist taxa. Many of the papilionaceous speci¬ 
alists are strongly genus-specific, and unlike the 
composite-feeders such a lumping on the familiar 
level may not be as meaningful a statistic. 

All of the other groups of plants that have 
coevolved with specialist-feeding bees are of quanti¬ 
tatively a very different order of magnitude. Phacella 
(Hydrophyllaceae) with at least 20 separate lineages 
comprising in excess of 40 species is exemplary. 
Camlssonla (Onagraceae) and Sphaeralcea (Malvaceae) 
with about 35 specialist-feeders, Prosopls (Legumlnosae), 
Cryptantha (Boraglnaceae) and Sallx (Sallcaceae) with 
about 30, and Euphorbia (Euphorblaceae), Oenothera 
(Onagraceae), Opuntla * (Cactaceae) and Mentzella 
(Loasaceae) with about 25 specialist-feeders each 
follow in that order. Of these groups however only 
Sphaeralcea (11), Sallx (11), Oenothera (11), Prosopls 
(9). Euphorbia (8) and Mentzella (8) are associated 
with more than 5 separate bee lineages each. Other 
specialist-feeding groups with 5-11 separate lineages 
but only 10-25 Individual species are associated with 
Larrea (Zygophyllaoeae), Ceanothus/Rhamnus (Rhamnaceae), 
Cleome/Cleomella/Wlsllzenla (Capparldaceae), Gllla 
(Polemonlaceae) and Eschscholzla (PapaveraceaeH 
Plant groups with even fewer associated coevolved bee 
lineages but more than 10 individual species of 
obligate specialist-feeders are Penstemon (Scrophulari- 
aceae), Physalls / Chamaesaracha (Solanaceae), Coldenla 
(Boraglnaceae), Erlogonum (Polygonaceae). Cucurblta 
(Cucurbltaceae), Calochortus (Llliaceae) and Erlastrum / 
Navarretla (Polemonlaceae). All other plant genera 
with associated specialist feeders are associated with 
only 1-3 separate lineages and 10 or fewer bee species, 
so far as I am aware. 

The plants utilized as resources by specialist¬ 
feeding bees are not a random sample of the North 
American flora, even though the wide range of bee 
sizes and energy requirements would not seem to pre¬ 
clude many possible non-anemophilous plants. Certain 
particular plant characteristics, however, seem most 
favorable to the coevolutionary relationships facili¬ 
tating specialist-feeding habits (Table 3): 

a) plants which bloom for a limited period very 
early In the morning or late at night generally 
represent the only available resource at that time 
and at the very least a facultative specialization by 
pollinators must result; continual competition from 
generalist-feeders on other resources during the 
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times when most floral resources are available might 
further restrict species pre-adapted to odd-time 
feeding and promote subsequent behavioral specializa¬ 
tion. The majority of bees are associated with 
morning-blooming plants; the evening blooming plant- 
taxa are all primarily pollinated by moths and bee 
visits have probably not been major selective forces 
in evolving and maintaining the habit, though the bees 
associated with Garnissonla are certainly locally 
important along the western edge of the Californian 
deserts and the southern Central Valley. On the 
other hand, the matinal Convolvulaceae, Cucurbitaceae, 
and Cichorieae are usually rather exclusively pollina¬ 
ted by these specialist bees. Though widespread 
throughout North America today, all such close co- 
associations are clearly arid southwest or Neotropical 
in origin. 

b) plants which bloom at the very beginning or 
end of the blooming season within any community also 
force a restricted diet upon whatever pollinators are 
active contemporaneously. This temporally-induced 
restriction may be enhanced by selection for morpho¬ 
logical specialization upon any short-lived bee species 
whose activity is completely restricted to these 
seasons. Such "odd-time blooming" specialists are 
present in all portions of North America, particularly 
so in the Eastern Deciduous Forests and mediterranean 
California. Desert regions are not particularly 
susceptible to this type of selective pressure, since in 
the majority of instances the entire blooming season is 
extremely short and keyed to relatively temporally 
unpredictable rains. 

c) Dominant plants might be expected to support 
specialist herbivores even under conditions of heavy 
exploitation by generalist feeders, since the resource 
base is both predictable and sufficient to permit 
"table scrapping" by specialists. With the exception 
of the coniferous and deciduous forested regions of 
North America (the dominant species of which are 
nearly entirely anemophilous), dominants do support 
specialized pollinators throughout the year. Interes¬ 
tingly, in the Eastern Deciduous Forest, Cornus 
( Benthamldla ) has not coevolved with any specialist 
bees, even though the less abundant Cornus ( Svlda ) 
has coevolved with the abundant Andrena ( Gonandrena ). 
Dominant floral resources in the California grasslands 
and the Great Plains are semantic problems necessita¬ 
ting quantitative analysis, however, Eschscholzla . 
Lasthenla . Layla and Hellanthus must certainly be 
analogous to dominant perennials in other ecosystems, 

d) Plants with unusual tubular floral morpho¬ 
logies or species which produce pollen with excep¬ 
tional dimensions can be partially exploited by 
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numerous strategies; however, bee species with 
morphological preadaptations Increasing efficiency at 
utilizing such a resource will be favored. Should 
such a morphological specialization simultaneously 
decrease efficiency at exploiting more generalized 
floral syndromes, progressive positive selective 
feedback would be expected to result in the accentua¬ 
tion of both morphological adaptation and specialized- 
feeding habits. Bees collecting large pollen usually 
have long thick sparse transporting scopal hairs; bees 
collecting the small spikey pollen of the Compositae 
usually possess dense fine highly plumose scopal hairs; 
bees exploiting tubular morphologies generally have 
special setae on the mouthparts or front legs enabling 
extraction of pollen. This classification of floral 
hosts has by far the most component examples, especially 
plant genera with narrow tubular morphologies; frequently 
such plant genera are pollinated by many pollinators 
other than bees and hence such an adaptation should not 
be assumed to be a specialized morphological adapta¬ 
tion on the part of the plant resulting from the 
activity of specialist-feeding bees, indeed I believe 
the relation is not causal in the majority of cases. 
Nearly all plant genera in category (d) are arid 
adapted (or originally so); the only clear forest/ 
moist associated taxa are Erythronlum . Mertensla . 
Campanula and perhaps some leguminaceous groups. 

The data presented in Table 3 indicate that these 
special circumstances are indeed often correlated with 
specialized-feeding tendencies. However, many plant 
genera with specialist pollinators cannot be included 
in these four categories. In cases (a), (b) and (d) 
the plants which are associated with specialist- 
feeders are generally even more frequently associated 
with generalists as well. Some plants evidencing 
strategy (d) and most of those which bloom at odd times 
of the day are the only species which rely upon 
specialists exclusively for their pollination. 

These data on host-specialization are of course 
very preliminary; many taxa remain unknown and some of 
the associations extrapolated from known close relatives 
are probably incorrect. Thanks primarily to Professor 
Tlmberlake and the many apidologlsts associated with 
the University of California, California and west 
Sonoran Desert bee species are relatively well-known. 
Robertson in Illinois, Michener in Kansas, Bohart in 
Utah and Rozen and Neff in southern Arizona have also 
provided great amounts of floral data, but much of the 
country, particularly the eastern United States remains 
poorly known. In addition, very rare species, no matter 
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what their distribution, are always problematic. Lists 
o£ specialist-feeding (known or suspected with relative 
certainty) bees are presented In the appendix for each 
of 10 major subdivisions of North America. Not all 
species listed Inhabit the entire region under consi¬ 
deration, and hence citations In the same list do 
not necessarily imply sympatry or occurrence at a 
particular locality. These lists are presented in 
their entirety so that: 1) future discoveries on 
host-associations can be Incorporated easily Into the 
conclusions presented herein; and 2) observations on 
pollination ecology of plant species in different 
parts of the country might be facilitated. Listings 
for the different regions of California are too 
voluminous to Incorporate; Interested persons may 
obtain them from the author directly. 

The proportion of specialist-feeding bees (of 
total resident non-parasitic bee species) In all 
biotic regions of North America is correlated to 
species richness (Illus. 3). This positive correla¬ 
tion is observed within the geographic regions of 
California as well' (Illus. 4). The percentage of 
specialist-feeders varies'from a low of 15-22$ in the 
forested and boreal regions of North America to 35-45$ 
In the Great Plains and Great Basin, to a high of 
ca. 50$ In mediterranean California and the desert. 

As documented in Moldenke (1976b) the percentages 
within subregions of California run much higher, 
clustering between 40-55^ in most regions, with a low 
of 30$ In the Immediate maritime province to a high 
of 60$ in the Mojave Desert. Within California, as 
noted from an entirely different point site viewpoint 
In Moldenke (1971), the alpine Sierra Nevada Is 
noteworthy in supporting very few total bee species, 
a remarkably large 50$ of which are specialized 
feeders (nearly all the specialist-feeding species 
are extremely rare however). 

The total number of plant genera specialized 
upon within a region is also directly correlated to 
species richness. The number of plant genera with 
specialized feeders is highest in mediterranean 
California (55) and lowest in the Southern Mixed 
Forest (10) and tundra (6). The bee fauna of the 
forests of upper Austria falls on the low end of the 
curve (18 genera with coevolved specialist-feeding 
bees; 27 (12$) total specialist bee species — Hamann 
& Koller, 1956), considerably below levels observed 
in the boreal forests of the United States (still 
poorly studied — and probably will yield more cases 
of specialization upon subsequent analysis. No 
comparable data from other parts of the world are 
available. 
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ILLUSTRATION 3 

NORTH AMERICAN BEE DIVERSITY. Abbreviations as In Table 1. 
Faunal estimates of Great Basin and Tundra not considered 
robust enough to be considered In mathematical correlation. 
Slope significant at 99 % certainty level. 
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CALIFORNIA BEE DIVERSITY AND HOST-PLANT SPECIALIZATION. 
Abbreviations as In Table 2. Faunal estimates for AS, 
NGB & GB considered too tentative for mathematical 
analysis; slope significant at 90 % certainty level. 
Average degree of specialization for compound regions 
indicated in squares: C*=coastal; CV»central valley; 

GB; total Great Basin; D=desert; MSoC=montane southern 
California; S=Sierra/Cascade axis. 
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Within this group of specialist-feeding bees, 
the partial specialists "to the family level" (e.g., 
Compositae, Leguminosae) only increases as the total 
number of bee species and the percentage of total 
specialists decrease (Illus. 5). There is a semantic 
problem entailed in this analysis, however, since 
these type of "oligolectic" feeding patterns require 
extensive study, to determine whether such species in 
reality do utilize a number of unrelated confamilial 
plants throughout their range or whether there may 
be instances of true "generic specialists" included 
mistakenly within in the absence of more complete 
data. However, since this same trend is evident within 
the relatively better-studied subregions of California 
as well (Illus, 6), I presume it is not artifactual 
but reflects a reality of competition between 
specialists and generalists within constrained 
resource systems (ms. in prep.). 

CONCLUSIONS 

I. The host-association data base of North American 
bees is sufficient for tentative conclusions regarding 
many important aspects of host-plant specialization 
patterns. 

II. There is only a 3-fold difference in bee species 
richness in the major phytogeographlc realms of North 
America (excluding the depauperate tundra). 

a) the high California bee diversity is in some 
ways an artifact of artificial political boundaries. 

b) Great Basin and Southern Mixed Forest support 
fewest bee species; mediterranean California and 
desert support most bee species. 

III. There is only a 3"Told difference in bee species 
richness between geographic regions of California, 

a) cismontane southern California, southern 
Sierra Nevada and southern Coast Ranges are species 
rich; northern montane and coastal are species poor. 

IV. There is not a clear species/area relationship 
underlying conclusion II. Bee species per area varies 
about 6-fold (excluding tundra), unrelated to possible 
simple causative correlations, but is an additional 
order of magnitude greater in “mediterranean California. 

V. True host specialization and host shifts have 
occurred about 250 times within the North American bee 
fauna. 

a) nearly all ancestral stocks are primitively 
polylectic; nearly all diet changes are from 
polylectic—Specialist. There are no known 
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ILLUSTRATION 5 

SPFCIES RICHNESS OF "FAMILY-SPECIALIZED" BEES. 
ESLtioS as in Table 1. Correlation significant 


at 99^ level. 
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SPECIES RICHNESS OF "FAMILY-SPECIALIZED" BEES. 
Abbreviations as In Table 2. Correlation significant 
at 99% level. 
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specialist —* polylectic switches; such switches are 
apparently therefore one-way changes only. 

b) considering the diversity of the North 
American flora and North American bees In general, this 
is a surprisingly small number of host changes, relative 
to the number of common North American mellttophilous 
plant genera not supporting specialist pollinators. 

d) most such shifts onto a novel plant are not 
particularly successful, measured in subsequent 
adaptive radiation; 

e) some immigrant phyletic lineages have entered 
the United States as specialists and have remained so 
on the same plants; 

f) the two largest genera of North American bees 
are characterized by the highest levels of host- 
specialization; the third largest by perhaps none at 
all; 

g) only 53 switches are known from 
specialist a —> specialist^ (a not confamilial with b). 
Nearly all true host switches take place in the 
southwestern deserts or 'mediterranean California 
(equally); this type of host switch is characteristic 
primarily of Nomadopsls and Perdlta ( Pygoperdita ); 

h) few host switches are between visually similar 
taxonomically unrelated plants; few (except poorly 
documented Compositae) between very dissimilar but 
confamilial plants; most between groups without 
distinct characters in common — sometimes the switch 
is to a dominant community member, sometimes to the 
only synchronous bloomer, many unexpllcated. 

VI. Arctotertiary-and Neotropical-associated bee 
lineages have contributed about equally to pollination 
ecology relations in arid/seml-arid western plants. 

Range expansions into close association with a novel 
geoflora is usually by polyleges, or by specialists 
whlcn Eire already associated with an Invading plant 
genus, but occasionally by host shifts presumably onto 
a novel host in a region of parapatry. Nearly all 
such shifts have been from Arctotertiary to Madro- 
tertlary floras; only two from Madrotertiary to 
Arctotertiary. 

VII. Most specialist-feeding bees in North America are 
oligolectic on Compositae and legumes. More species 
are associated with Phacella than any other genus. 

Most plant genera with obligate specialist pollinators 
have coevolved with only 1-3 lineages and less than 

10 species. 

VIII. Bees tend to coevolve specialist-feeding rela¬ 
tionships with plants which: 
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a) tend to bloom only early In the morning or 
late in the evening; 

b) those which bloom at the onset or close of 
the anthesis season for that particular community; 

c) are community dominants; 

d) plants with unusual floral morphologies (i.e,, 
thin tubular corollas, extremely large or small pollen 
grains, pendant blossoms and unusually tiny flowers). 

IX. The percentage of specialist-feeding bees on a 
faunistic basis varies from ca. 15-50$* 

a) percentage of specialist-feeders is positively 
correlated to total bee diversity; 

b) highest percentages occur in Mediterranean 
California and the desert, lowest in eastern deciduous 
forests; 

c) the total number of plant genera with coevolved 
specialists in biotic realms of North America is also 
positively correlated to total bee diversity (but 
disproportionately highest in med. California); 

d) oligolectic "specialists to the family level" 
are negatively correlated to total species diversity 
within the floristic provinces of North America and 
within geographic regions of California. 
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APPENDIX: 

The lists which follow represent an attempt to catalogue 
the specialist-feeding bees associated with particular 
host-plants throughout the major biotic provinces of 
North America. Following the entry of each bee species 
is a designation of the assurance I have in its host 
association: F = relatively certain fact based on con¬ 
siderable host collection data and perhaps pollen 
microscopic analysis in addition; IV = tentative assign¬ 
ment, relatively certain of validity but needs micro- 
scbpic verification; Z0 = uncertain host-association 
made in the absence of sufficient direct data, usually 
on the basis of the known behavior of close relatives. 
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Compo3ltae 

Colletes angellcus F; annae dls3eptu3 F; fulgldus fulgldus F; fulgldu 3 

longlplumosus F; lutzl montlcola IV; ochraceus IV; slmulans slmulans F. 

Hesperapls semlrudls IV; n. sp. IV. 

Andrena cltrlnlhlrta F; lsocomae F; pallldlfovea F; 3cutelllnlten 3 F. 

Heterosarus callfornlcus; compactu3 F. 

Calllop3l3 oernardlnus F; puglonis F. 

Ferdlta (octomaculata) en3enadensl3 ?; hlrtlceps luteoclncta F; scltula 
antlochen3l3 F; (zonalls) colei F; erlcamerlae F; foleyl F; lnter 3 erta 
lnterserta F; lepldospartl lepldospartl F; lepldospartl novella IV; 
lompocensl3 ZO; melanderl ZO; obl3poensl3 ZO; pallldlventrls ZO; 
pollta F; punctifrons F; repens ZO; rlvalls F; scottl F; slmlll 3 3 lmlll 3 
F; sweezyl F; zonalls bernardlna F; zonalls montlcola F; zonall 3 zonalls 
F; (ventralls) colei F; (zonalls) clllata. 

Dufourea au3trali3 australis F; australis mexlcana F. 

Dlanthidlum parvum schvarzl F; pudlcum conslmlle F(+?); slngulare F; ulkel F. 

Ashmeadlella bucconls dentlculata F; cublceps clypeata F. 

Herlades cressonl IV. 

Anthocopa hemlzonlae F. 

Osmla coloradensls F; teiana F; callfornlca F; grlnnelll F; montana 
quadriceps F; subaustralls F. 

Megachlle alata F; nevadensl3 F; subnlgra angelica F; parallela facunda F; 
perlhlrta F; fldells F; lnlmlca Jacumben3l3 F; lnlmlca sayl F; pugnata 
pomonae F; pugnata pugnata F. 

Exomalopsls chlonura IV. 

Dladasla enavata F. 

Anthophora exlgua F. 

Xenoglossodes davld3onl F; pomonae F. 

Svastra obllqua expurgata F; sablnensls nublla F; texana eluta F. 

Mellssodes rlvalls F-Clrslum: luplna ?; Iu 3 tra F; glenwoodensls F; agllls F; 
semlluplna F; blmatrls ?; blcolorata F; expollta F; robustlor F; hurdl F; 
pallidIsIgnata F; lutulenta F; vernalls F; velutlna F; saponellu 3 F; 
apressa F; mlcrostlcta F; paulula F; per3onatella F; melanura F; moorel F; 
confusa F; michenerl F. 

Lasthenla 

Andrena baerlae F; dubol3l F; latlventrls ZO; dis3lmulan3 IV?; esslgl ZO?; 

hermosa IV; orthocarpi IV?; pen3llls ZO?; puthua F; submoesta F; vexabills? 

Dufourea callfornlca F. 

31enno3perma 

Andrena blennospermatl3 F. 

Stephanomerla 

Perdita hlrtlceps hlrtlceps F; Meli33odes nlgrlcauda F. 

Chaenactl s/Erl opn.y Hum 

Mlcrallctoldes altadenae F. 

Layla 

Andrena sublaylae F; laylae F; latlventrls ZO?; dubolsl F; escondlda ?. 

Perdita aureovlttata aureovlttata F; laylae basallcola F; laylae exclsa F; 
laylae laylae F. 

Pandellon3/Malacothrlx 

Perdita vandykel IV; aureovlttata aureovlttata F; aureovlttata stenozona F; 
aureovlttata maderensls F. 

Andrena malacothrlcls F. 

Dufourea malacothrlcls F. 

Dandellons/Agoaerls 

Andrena (Diandrena) ablegata F; agoeerldl3 F; chlorosoma F; chalyblolde3 F; 
evoluta F; gnaphalil F; ollvacea F; subchalybaea F. 

Legume3 

Anthldlum atrlpes F; clypeodentatum F; emarginatum F; mormonum F; palliventre 
F; tenulflorae F; utahense F (e, m, p, 4 t with Phacelia too) 

03 mla Integra F; nlgrlfron 3 F; nlgrobarbata F; obllqua F; physarlae F; sedula ?; 
llogastra F; luplnlcola F; latl3Ulcata F; calla F; clarescen 3 F; mallna F; 
cyanopoda IV; klncaldll F; regullna IV; 3anctae-rosae F; den3a densa F; 
densa pogonlfera F; gabrlells F; + many potential species ZO. 

Megachlle conclnna IV; melanophoea submelanophoea F. 

Synhalonla — many potential species ZO. 

Melllotu3 

dylaeus blslnuatu3 IV. 

Trifollum 

Andrena plana F. 

Nomadopsls anthldlus anthldlus F; anthidius lutea F; trlfolll IV. 
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Specialists In Mediterranean California (cont.) 


LotU3 

Perdlta pyrlfera ZO; trlslgnata F. 

Nomadopsls melllpes IV. 

Ancylandrena atopoeoma F. 

Anthldlum collectum F; pallldlclypeum F. 

Osmla aglaia IV+Penstemon?. 

Ashmeadlella tlmberlakel sollda F + Phacella; tlmberlakel tlmberlakel F +P. 
Proterlades bunocephala F; howardl F. 

Phacella 

Colletes callfornlcus F; turglventrls ?; consors pascoensls IV + ?. 

Andrena nigra F; vlrldlsslma F; nigroclypeata ?. 

Nomadopsls barbata IV; phacellae IV. 

Conanthallctus bakerl F; macrop3 F; nigricans F. 

Protodufourea parca F 

Dufourea mullerl F; trochantera F. 

Anthldlum bannlngense F; tenulflorae F; palmarum ?; collectum F; emarglnatui 
mormonum F; palllventre F; (c. e, m, t, & pall, on Lotus too) 

Chelostoma californlcum F; lnclsulum F; marginatum marginatum F; marginatum 
lnclsuloldes F; mlnutum F; phacellae F. 

Ashmeadlella mlchenerl ?; tlmberlakel tlmberlakel F + Lotus; tlmberlakel 
sollda F + Lotus too. 

Hoplltls fulglda platyura - emphasis only. 

Proterlades monavensls ZO. 

"" copelandlca albomarglnata - emphasis only? 


Anthocopa phacellarum IV + 

Emmenanthe 

Conanthallctus semlnlger F. 

Protodufourea wasbauerl F. 

Penstemon 

Ashmeadlella australis F. 

Anthocopa anthodyta anthodyta F; elongata ?; hebltls ?; pycnognatha 

pycnognatha F; pycnognatha solatus F; trlodonta trlodonta ?; triodonta 
uslngerl F. 

Osmla — several species perhaps IV. 

Cryptantha 4 „ 

Andrena cryptanthae F; osmloldes osmloldes F; osmloldes benltonls F; 

tlmberlakel F _ _ 

Proterlades boharti ZO; Jaclntana F; cauder F; evansl F; lncanescens tota IV 
nanula sparsa ?; nanula nanula F; semlnlgra seminlgra F; semlnigra 
yosemltensls F; semirubra F; tristls F; trlcauda F; remotula F. 

Camlssonla 

Hesperapls nltldula - emphasis only. 

Andrena (Diandrena) anatolls F; apasta F; chalybaea F; cyanosoma F; eothlna 
foill F; macsvalnl F; parachalybaea F; sperryl F; (Onagandrena) blalsdell 
F; chyllsmlae F; convallarla convallarla F; convallarla subhyallna F; 
flandersl F; furva F; oenotherae F; orarla actldls F; orarla orarla F; 
rozenl F; vespertlna F. 

Dufourea boregoensls ?; oenotherae F; saundersl F; scintilla F +; truncata 
F; tlmberlakel F; tularensls F. 

Oenothera 

Evylaeus aberrans F. 

CXstiirlcliSt 

Hesperapls regularls F; Andrena bernardlna F; lewlsorum F; omnlnlgra darkle 
F; omnlnlgra omnlnlgra F; Dufourea macswainll F; Megachlle gravlta F; 
pascoensls F; Diadasla angustlceps F; Melissodes clarklae F; Tetralonla 
venusta carlnata F; Ceratlna sequolae F. 

Erlogonum 

ashmeadlella rufitarsls F; altadenae ZO; Perdlta claypolel australior F; 
claypolel claypolel F; claypolel llmulata F; Jucunda F; nevadensls 
nevadensls IV; nodoscornia F; rhols reducta - emphasis only; rhols 
rhols - emphasis only; tlmberlakel F; varleyl nivelpennls F; yoseml- 
tensis F. 

31da 

Diadasla consoclata F. 

Malacothamnus 

Diadasla lablcauda F; nltldlfrons r. 
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Specialists in Mediterranean California (cont.) 


ildalcea 

Dladasla nlgrifrons F. 

Eschscholzla 

Hesperapls pellucida ZO; n. sp. F; Andrena haroldl ?; Nomadopsls obscurella 
F; Perdlta coalingensls F; lnterrupta vernalls F; nitens IV; quadrl- 
slgnata IV; dlstroplca F; monterreyensls F; obtusa ? (d. m, & o on 
Calochortus too); Mlcralictoldes ruficaudls F; Dufourea leachl F; 

Andrena coactlpostlca IV. 

Platystemon/Meconella 

Dufourea leachl F; Andrena angustlcrus F; aqulla \V; blareola ZOt buccata Z0 ; 
stipator F. 

Ceanothus 

Andrena ceanothiflorls ?; candldiformis F +?; cleodora melanodora F; 
cleodora cleodora F +?; luplnl IV + ?; scurra scurra IV; Panurginus 
- several species possible; Perdita mlchenerl IV (emphasis only) 

Ranunculus 

Andrena coerulea F; suavls F; cunellabrls F; Panurginus melanocephalus IV; 
nlgrihlrtus IV. 

Nemophlla 

Andrena crudenl F; subnlgrlceps ?; torulosa F; virldlsslma F; nemophllae F; 
macrocephala macrocephala F; macrocephala tetleyl F; Panurglr.us spp. ZO. 

Potentllla + 

Andrena melanochroa F; Nomadopsls comptula F; edwardsll F. 

Euphorbia 

Nomadopsls hellanthl F. 

Calochortus 

Perdita callfornlca callfornlca F; calochortl F; dlstroplca F; macrostoma 
IV; monterreyensls F; obtusa ?; tularensls F (d & mon. on Eschscholzla 
too); Nomadopsls clncta hurdl F; edwardsll ?(1 population only); 

Dufourea dentipes F-albus group. 

Arctostaphylos 

Andrena arctostaphyllae F; Tetralonla acerba F; Emphoropsis cineraria IV; 
dammersl IV. 

Qpuntla + 

Ashmeadiella opuntlae F; Dladasla australis callfornlca F; optintlae F; 
rlnconis mimetlca F; rlnconls rlnconls F. 

Lomatlum/Sanlcula 

Andrena microchlora F; pallldlscopa pallldlscopa F; pallldlscopa 
trlfasclata F. 

Perlderldla 

Perdita nevadensls culbertsoni IV. 

Rlbes 

Andrena callglnosa F; submaura F; n. spp. F. 

Mlmulus 

Nomadopsls trlfolll IV + (Trifolium); Dufourea pectlnlpes ZO; versatllls 
versatllls IV; versatllls rubriventrls F. 

Llnanthus/Gllla 

Andrena levlpes F +?; Perdita proplnqua IV; Dufourea brevlcornis F; 

callentensis F; gilla F; llnanthl F; tuolumne F; vanduzel F; Hesperapls 
ruflpes F; Mlcralictoldes n. sp. F; Dufourea femorata F; pectlnlpes 
ZO?; versatllls versatllls IV?; 

Erlastrum/Navarretla 

Perdita richardsl ZO; blalsdelli ZO; leucosticta F; navarretlae powelll 
IV; navarretlae angustlceps IV; navarretlae navarretlae F; pelargoldes 
F; davidsonl ZO; erlastri erlastrl F; eriastri fusclventrls F. 

Cucurblta 

Peponapis prulnosa angelica F; Xenoglossa strenua F; angustior F. 

Zlgadenus 

Andrena astragali F. 

Sallz 

“Andrena alblhlrta ?; perarmata ?; rhodotrlcha ?; thaspilformis ?; 

annectens F; bucculenta F; conclnnula F; gibberIs IV; nevadensls F; 
cressoni lnfasclata ?; huardi ?; opacella ?; lshll F; subaustralls 
F; semlpunctata F; Perdita salicls occldentalls F; salicis 
personata F; salicis trlstls F; Colletes xerophllus clsmontanus F. 

Adeno3toma 

Hesperapls lllclfollae F; Perdita fieldl F; rhols reducta F - emphasis 
only; rhols rhols F - emphasis only. 

Salvla/Lepechlnla/rrlchosterna 

Ashmeadlella salvlae F. 
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Lepidiuoa 

Andrena lepidii IV. 

Monardella 

i^omadopsis t lmberlakel F; zonalis sierrae ?; zonalis zonalis 
Amslnckla 

letralonla amsincklae F. 

Cal.ystegia 

Dladasla bltuberculata F. 

Llmnanthes 

Andrena llmnanthls F; Panurglnus occidental!s F. 


F. 


1 


Hellotroolum 

Perdita heliotropii perducta P; Nomadopsis hesperla equina 
hesperla F; Anthophora flavocincta IV. 

Arenarla ? 

Andrena 3ubapa3ta IV. 

Frlodlctyon , _ . _ 

Chelostoma cockerelll ?; Nomadopsla linsleyl F; fracta . ; 
Gayophytum 

Dufourea davldsoni F; spllura F* r 3 ubdavldsonl F. 


?; hesperla 


Hoplltls colei F. 


Specialists in southwestern Deserts 


Cotnposl tae _ „ 

Colletes compactus compactu3 F; compactus hesperius F; annae annae F; 
annae dlsseptus F; rufocinctus F; latlclnctus F; gypslcolens F; 
tectlventrl3 IV. _ _ 

Hesperapls fulvipes F - Geraea; arenlcola P - Geraea; 2 n. spp. F - Geraea; 

Andrena ?Callandrena) isocomae F; balsamorhlzae F: montlcola F^ accepta F; 
allclarum F - Pectls: perpuncta F - Eeterotheca; hellanthl F; ofella IV; 
auripes ZO ; vulplcolor F - Chrysothamnus; trlmaculata IV; tegularls IV; 
pecoaana F; ardis P; barberl ZO; calvata F; neomexlcana IV; pectldls 
? - Pectls: slmulata IV; aonorensis F - Gutlerrezii F. 

Calllopsls desertlcola F; pectldls F; coloratlpes F; tlmberlakel F; crypta 
F; rozenl F; unca F; 

Protandrena pectldls F; verbeslnae IV; , . 

Pseudopanurgus fraterculus timberlakel F; fraterculus fraterculus F; 
aethlops F; perpunctatus F; dlcksonl IV; pectldellus F; cazlerl ZO; 
vertlcalis ZO; _ . „ 

Perdita (ventralls) snelllngl F; austlnl F; brevlhlrta F; semicrocea F; 
(martini) amlcula ZO?; ( 3 ldae) ovallceps ZO; (Cockerellla) alblhlrta 
albihlrta F - Geraea; alblhlrta gereae F - Geraea; luculenta ZO; 
coreopsldis collarls F - Galllardla; alblpennls pasonls IV; beata 
beata F; lncana ZO; lepachldls lepachldls ?; perpulchra F; verbeslnae 
verbeainae F — sunflowers; utshensls F ■■ Psctls; (Xerocnacrotera) 
cephalotes IV; (Pentaperdlta) albovlttata F; ldahoensls F; mandibular is 
? - Geraea/Chaenactis; melanochlora F; amoena ZO; chrysophlla F; 
megacyga F; (Hexaperdlta) bebblae - F Bebbla; calllcerata F - 3alleya; 
heterothecae heterothecae F - Heterotheca; asteris ?; heterothecae 
trlzonata F; compacta IV; lgnota ignota F; xanthlsma F; foveata 
perslmills IV; cambarella platyura F; (zonalis) ampla F; fraterna ?; 
irregularis F - Chry 30 thamnus; baccharldls ? - Haccharls; baslnlcola 
ZO; chrysothamni F; dlcksonl F; ericamerlae F; lnterserta F; 
lsocomae F; lepldospartl lepldospartl F; nlgroclncta ZO; pallescens 
F; zonalis zonalis F; taeniata F; townsendl F; placlda ZO; primula 
ZO; proxlma F; scocia ZO; scottl F - Chrysothamnus; simllls almills 
F; sweezyi F - Erlgeron; (octomaculata) abdomlnalls F - Pectls; 
elegans F - Palafoxia; apacheorum F; butler1 F - Pectls; affinis 
F; flavlfrons F; halll ZO; lndloensis F - Haplopappus; media F; 
mlmula F - Haplopappua; melanostoma alboclncta F; aplopappl r; 
crocelpes F - Gutlerreza; fallax F; gutlerrezlae F; aperta F - 
Gutlerrezia; blparticepa F; dalyl F - Haplopappus; laslogastra F - 
Pectls; macullpes F - Haplopappus; meslliensls F; plucheae F; 
retusa F; scltula sc1tula F; trlflda F; trimaculata F; xanthodes F. 
nuda F; pelluclda F - Haplopappus; phymatae F - Gutlerrezia; 
reperta F - Chrysothamnus; sedulosa F - Baccharls; sejuncta F - 
Gutlerrezia; snowll F; translineata F; (subfasclata) subfasclata F, 
Mlcralictoldes arlzonensls F - Chaenactls; 

Dufourea australis australis F; dammersl F; oryx F» 
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Composltae (cont.) 

Heteranthldlum autumnale ZO?; 

Paranthldlum Jugatorlum Jugatorlum F - sunflowers; jugatorlum butlerl 
F - sunflowers: 

Dianthldlum curvatum 3 ayl F; desertorum ZO; heterulkel hetsrulkel F; 
heterulkel fraternum F+? ; Impllcatum IV?; parvum parvutn F; platyurum 
tnohavense F; platyurum platyurum F; ulkel ulkel F; ulkel perterrltum 
F; curvatum xerophllum F; 

Herlades texana ZO + ?; cruclfera ZO + ?; 

Anthocopa mlrlflca F; vlguierae F; 

A3hmeadlella bucconls denticulate F; cublceps clypeata F; dlfuglta 
emarglnata F; 

Megachlle alata F; subnlgra angelica F - Chaenactls; townsendlana ZO; 
lnlmlca sayl F; mellltarsls F; pollcarls F; subfortls ZO?; frugalls 
frugalls - emphasis only; frugall3 pseudofrugalls - emphasis only; 
soledadensls IV?; parallela facunda F; rossl F; sablnensls F; 
manlfesta F; mohavensls IV?; subparallela F; fldells F; 

Exomalopsls solldaglnls IV; gutlerrezlae IV?; compactula IV?; 

Dladasla enavata F - Hellanthus; 

Syntrlchalonla exqul 3 lta F - Hellanthus; 

Anthophore exlgua F - Chrysothamnus; macullfrons F - Chrysothamnus: 
petrophlla F; curta F - emphasis only: 

Svastra hellanthelll F; obllqua expurgate F; pallldlor F; texana texana 
F; texana eluta F; machaerantherae F; petulca suffusca F (all pre¬ 
ceding species emphasize Hellanthus); sablnensls nublla F; 
sablnensls laterufa IV; sablnensls sablnensls F; slla F; 

Mellssodes relucens F - Haplopappus/Chrysothamnus; agllis F - Hellanthus; 
Fasclatella F - Haplopappus; llmbu3 F; montana F - Hellanthus+; 
subagllls F - Grlndella; coreopsis F - Hellanthus/Aster/Solldago; 
exill3 F; humlllor F - Aster/Solldago/Haplopappus; pallldlslgnata F; 
rlvall3 F - Clrslum; submenuacha F - Hellanthus*; plumosa F - 
Hellanthus; menuachus F - Solldago/Grlndella; ochraea F - Haplopappus/ 
Chrysothamnus; cerussata F; expollta F; lutulenta F; utahensls F; 
brevlpyga F - Haplopappus/Chrysothamnus; vernalls F - Hrlgeron*; 
appressa - Hellanthus/Grlndella*; velutlna F; personatella F; 
verbeslnarum IV; 

Stephanomerla 

rerdlta albonotata F: hlrtlceps aplcata F; stephanomerlae F. 

Pyrrhopappus 

Andrena tonkaworum ZO?(*£ngelmannla). 

cncella 

Anthocopa encellae encellae F; encellae mortua F. 

Malacothrlx 

Andrena ago3erldls F+; ollvacea F; malacothrlcldls F; Dufourea malaco- 
thrlcls F; Nomadopsls puellae F; Perdlta dammersl F; malacothrlcls 
malacothrlcls F; malacothrlcls unlca F. 

Legumes 

Anthldlum atrlpes F; clypeodentatum IV; dammersl IV; palllventre F + 
Phacella; emarglnatum F + Phacella; utahense IV - emphasis only; 
Ashmeadlella cazlerl F; Anthocopa nltldlvltta F; robustula F - Dalea; 
segregate ZO; tlmberlakel IV; Osmla tltusl F; llogastra F; 
latlsulcata F; clarescens F; Chelostomoldes chllopsldls F; brownl IV; 
lobatlfron3 F; occldentalls F (b, c, 1 <fc o emphasis tree legumes); 
subexllls F. 

Lotus 

Anthldlum pallldlclypeum IV; Ancylandrena atoposoma F; Ashmeadlella 
arldula arldula - emphasis only. 

Astragalus ? 

Anthophore porterae IV?; Nomadopsls zebrata IV? 

?etalo3temon 

Collates gllensls ZO; Perdlta perpalllda IV. 

Dalea 

Collates petaloatemonl3 IV; Hesperapls leucura F; n. sp. F; Nomadopsls 
melllotl IV?; Ancylandrena koelbelel F; Perdlta ampllpennl3 IV; 
hlrsuta F; chlorls F; eremlca IV - emphasis only?; erythropyga F; 
paroselae F; Heteranthldlum bequaertl F; Ashmeadlella lnyoensls F; 
erema IV; eurynorhyncha IV; cazlerl IV +? ; rhodognatha F; xenomastax 
F; HoplltIs elongatlceps ZO; paroselae IV; Anthophora hololeuca F; 
Anthocopa daleae F: hypostomall3 F; hurdlana F; rubrella rubrella ZO; 
rubrella rubrlor F; rubrella mac3walnl F. 
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Phacella _ . 

Colletes californlcus P; turglventris F; Andrena nigra P; palpalla ?; 

NomadopsIs phacellae IV; Perdlta cuspidata P + Nama; dentata IV; 
eremophila IV; nlgrella IV; Conanthallctus bakerl ?; caerulescens F; 
cockerelll F; macrops F; minor F; wilmattae F; Mlchenerula beamerl F; 
Protodufourea n. spp. F; Dufourea mullerl F; trochantera F; Anthldlum 
palllventre F + Lotus; palmarum F; emarglnatum F + Lotus; Chelostoma 
marginatum marginatum F; Proterlades bulllfacles F; mohavensls IV + 

Nama; Anthocopa. beamerl F + llama; rupestrls F; copelandlca arefacta ?. 

Mentzella/Eucnlde ^ 

Hesperapls latlceps F + Eucnlde; Megandrena mentzellae r; Perdlta atrata F; 
adustlventris F + Eucnlde; blcuspldarlae ? (lnvolucrata only); 
koelbelel conclnna F (lnvolucrata only); koelbelel koelbelel F (lnvolu¬ 
crata only){+ Eucnlde); mentzellae ?; mentzellarum F; vlrldlnotata ZO?; 
perplexa F; nlgrldla F; punctlfera F; falcata F; Conanthallctus 
mentzellae F; Xerallctus tlmberlakel F; blcuspldarlae F; n. sp. F (all 
3 lnvolucrata only); Ashmeadlella leachi F. 

Petalonyx 

Perdlta exills F; crandalll F. 

Et T 1 ogonum — 

Perdlta ciypeata clypeata F; clypeata lmmaculata F; dlstans F; Jucunda F; 
labrata F; lucens F; nasuta nasuta F; nasuta galactlcoptera F; nasuta 
obscurescens F; pectoralls IV; semllutea F; thermophlla thermophlla F; 
thermophlla trllobata F; tlmberlakel F; varleyl varleyl F; xerophlla 
fusclcornls F; xerophlla xerophlla F; 

Colletes clypeonitens F; covilleae F; larreae F; sallcola F; stepheni F; 
Megandrena encellae F +?; Hesperapls arlda F; larreae F; Nomadopsls 
foleyl F; larreae F; Ancylandrena larreae F; Perdlta covilleae F; 
flavlpes IV; larreae F; punctulata IV; semlcaerulea F; lateralis 
lateralis F - emphasis only; marclalls F - emphasis only; Hoplltls 
blscutellae F; Heteranthldium larreae F; Emphoropsis pallida F. 

Penstemon _ 

anthocopa abjecta abjecta IV; anthodyta anthodyta F; arlzonensls ZO?; 
elongata ?; panamintensls ZO; pycnognatha pycnognatha F; triedonta 
trlodonta P. 

^^Exomalcpsls sldae IV; Dladasla consoclata IV; affllctula ZO. 

Hesperapls n. sp. F; Protandrena sphaeralceae IV?; Andrena sphaeralceae F; 
Calllopsis rhodophlla IV?; Colletes sphaeralceae F; Hypomacrotera 
subalplnus subalplnus F; subalplnus andradensls F; Dufourea vandykel F; 
Perdlta arcuata dlnognatha F; brldwelli F; latlor F; portalls F: 
sphaeralceae sphaeralceae F; sphaeralceae altlcola F; magnlceps IV; 
haplura IV; letralonla albescens ZO?; mohavensls ZO?; Dladasla lutzl 
F; dimlnuta F; martialls F; sphaeralcearum sphaeralcearum F; 
sphaeralcearum affinis F; tubercullfrons F; valllcola F; megamorpha F; 
ollvacea F+; palmarum F+. 

Argemone 

Perdlta argemonls F; Andrena argemonls - emphasis only. 

Eschscholzla 

Nomadopsls obscurella F; Perdlta lnflexa F; 
mohavensls F; mucronata F; robustella F; 
plmana ZO? 

.Abronla 

Anthophora abronlae F. 

Salvia 

Ashmeadlella salvlae F; Perdlta salvlae IV. 

Andrena cryptanthae F; Proterlades baslngerl F; bldentlculata F: 

cryptanthae F; desertlcola F; hamullcornls F; lncanescens lncanescens 
IV: lncanescens nevadensls IV; nanula nanula F; nlgrella attonlta F; 
nlgrella nlgrella F; pygmaea F; reducta F; slmllls F; palmarum 
xerophlla F. 

^Andrena^toiandrena) sperryl F; (Onagandrena) boronensls F; chyllsmlae F; 
convallarla convallarla F; convallarla subhyallna F; desertlcola r. 
flandersl F; anograe F; mojavensls F: oenotherae F; rozenl F; rubro- 
tlncta IV; vespertlna F; Dufourea boregoensls F: nudlcornls . + Oeno¬ 
thera; latifrons F; scintilla F+. 


Interrupts Interrupts F; 
duplonotata F; mohavensls 
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Oenothera 

Hesperapls wllmattae - emphasis only; Andrena llnsleyi P; Perdlta pallida 
F; bequaertlana P; Zvylaeus aberrans P; Sphecodogastra noctlvaga F; 
Anthedonla nevadensls P; compta F; Tetralor.la venusta venusta P; 
Anthophora affabllis P; aterrlma F. 

Nama 

Conanthallctus desertlcola P; minor F + Phacelia; namatophilus ?; 

ruflventrls P; conanthl P; cotullensls P; Sphecodosoma dlcksonl F; 
prattl F; Protodufourea n. sp. P + Phacelia; Proterlades mojavensls 
F + Phacelia; Anthocopa rupestrls P; beamerl F (both + Phacelia); 

Perdlta cuspldata F + Phacelia; namatophlla F. 

Tldestromla 

Protandrena tldestromiae 20?; Nomadopsls callosa ZO; Exomalopsls 
ruflventrls ?; Perdlta cladothrlcls P; drymarlae ZO? 

Verbena 

Calllopsls verbenae F; hlrsutlfrons ?. 

Acacia 

Colletes platycnema IV; Eulonchoprla punctatissima F. 

Ipomopsls 
Perdlta giliae F. 
rtenodora 

Slmanthedon llnsleyi F. 

Euphorbia 

Calllopsls squamlfera F; anomoptera F; rogeri F; limbus F; gilva F; fulglda 
F; Nomadopsls nigromaculata F; Protandrena euphorbiae ZO?; Pterosarus 
nanulus IV; Exomalopsls euphorbiae F; Perdlta euphorbiae F; meIlea F; 
minima F; polycarpae F; hellanthl F; blguttata F; cochlseana IV; 
crassula ZO; crotonis crotonis F + Croton; nanula F; obscurella F; 

Prosopls 

Colletes algarobiae F; desertlcola IV?; perlleucus ZO?; prosopldls F; 
Hylaeus sejunctus IV?; Perdlta ashmeadl slmulans F; ashmeadl viereckl 
F; dlfficllls F; dlscors ZO; exclamans F; genalls genalls F + Acacia; 
genalls panamintensis F; lnnotata;F; luclae luclae F; luclae decora F; 
numerata numerata F + Sallx; numerate hesperla F; nlgricornls F; 
pallidlpes F; prosopldls F; punctoslgnata punctoslgnata F; punoto- 
slgnata flava F; punctoslgnata sulphurea F; mlmosae F + Mimosa; 
sonorensls F; stathamae stathamae F; stathamae eluta IV; trlangullfera 
F; Ashmeadleila prosopldls IV?; Megachlle newberryae F + Acacia; 
Chelostomoides odontoatoma F + Acacia; brownl IV + Acacia. 

Coldenla 

Perdlta arenaria F + Heliotropluo; bellula F; ooldenlae F; frontalis F; 
maculosa F; optlva F; rhodogastra F + Hellotroplum; scutellarls F; 
sexfasclata F; wasbauerl F; trlfasclata ZO?; vesca ZO?; diverse ?; 
Conanthallctus c. sp. F. 

Calochortus 

Nomadopsls clncta cincta F; Perdlta bllobata F; bisplnata F; calochortl 
F; callfornlca inoplna F; leucozona F; arizonica F; dlgressa IV? 
Arctostaphylos 

Andrena cristate F; Smphoropsls cineraria IV. 

Cactaceae 

Perdlta carlnata IV; texana texana F; texana ablusa F; Llthurgus aplcalls 
aplcalls F; aplcalls opuntlae F; arizonensls ZO?; socorroensis ZO?; 
Mellssodes opuntlella IV?; pauclpuncta F; Exomalopsls cerel ZO?; 

Dladasla australis australis F; australis callfornlca F; opuntlae F; 
plercel ZO?; rinconls rinconis F. 

Echlnocactus 

Dufourea echlnocactl F; Llthurgus echlnocactl F;Idlomellssodes duploclncta 
Cucurblta £ 

Peponapls prulnosa F; tlmberlakel F; craasidentata F; mlchelbacherorum 
F; utahensls F; Xenogloasa strenua F; kansensls F; angustlor F; 

Patricia F; gabbli F. 

Hellotroplum 

Perdlta hellotropll hellotropll F. 

Proboscldea 
Perdlta hurdl F. 
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iallx 

Colletes xerophllus xerophllus F; xerophllus sonoranus ?; Andrena 

cressonl lnfasciata IV; papagorum IV; conclnnula F; Perdita salicls 
hlrsutlor F; salicls lmperialls F; salicls laeta F; macullgera 
macullgera ? + Prosopls. 

Croton 

Perdita crotonis leucoptera F; cucullata F; tltusi F; crotonls F; 
undeclmalls F. 

Caoparldaceae 

Anthophora cockerelll IV; Centrls callfornlca IV; Perdita wllmattae 
stanleyae ?. 

Cleome + 

Perdita vlttata tricolor F + Wlsllzenla; zebrata flavens F; zebrata 
zebrata F; cleomellae F; thelypodll F; wlsllzeniae F (Wlsllzenla); 
Zxomalopsls eriogonl ZO?; Nomadopsis scltula lawae F; macswalnl IV 
- wlsllzenla. 

Descuralnla 

Andrena piperl F. 

Lepldlum 

andrena lepldll F; Perdita tortlfollae tortlfollae ?; tortifollae 
fremontll F; confusa ?; gemlnata IV; gregglae F; Nomadopsls 
australior F. 

Lesquerella 

Andrena prlma F; mohaven3is ZO?; caprlcornls F; jesalcae F; meslllae F; 

prlmullfrons F; alamonls F; Dufourea pulchrlcornls F; Perdita trlnotata 

Lyclum 

Anthophora phenax IV?; perdita lycll F; Anthophora coptognatha IV?. 

Frlastrum 

nesperapls n. sp. F; Perdita compta IV; erlastrl fusclventrls F; 
richardsi ZO. 

Physalls/Chamaesaracha 

Hypomacrotera callops callops F; callop3 perslullls F; Perdita blnotata 
ZO; physalldis F; rozenl ZO; lenls F; munita F; chacnaasarachae F; 
sexmaculata IV +?; Colletes scoplventer F; chamaesarachae IV. 

Ipomoea 

Ancyloscelis sejunctus F. 

Cercldlum 

Colletes cercldll ZO?; Chelostomoldes dlscorhlna F (+?); Ashmeadiella 
clypeodentata clypeodentata - emphasis only. 

Pasyllrlon/Nollna 

Perdita dasyllril - emphasis only; rehnl - emphasis only. 


Specialists In Great Basin 


Composltae 

Colletes compactus hesperlus F; gypslcolens F; latlclnctus F; rufoclnctus 
F; slmulans slmulans F; 

Andrena (Callandrena) ardls F; pecosana F; hellanthi F - Hellanthus; 
simulata IV; utahensls IV; vulplcolor F - Chr.ysothamnus; (Cnemld- 
andrena) nubecula F; colletlna F; ramaleyi F; chromotrlcha F; 
xanthlgera F; costlllensls F; canadensis F; sulcata F; bendensls F; 

Calllopsls chlorops F; coloratlpes F; tlmberlakel F; 

Perdita (Cockerellla) albipennls F-Hellanthus; hllarls F; (subfasclata) 
subfasclata F; (Hexaperdlta) ignota lgnota F; (Xeromacrotera) 
cephalotes ZO; (ventralls) brevlhirta F; semlcrocea F; (zonalls) 
aemula aemula F; adjuncta F-Chrysothamnus; zonalls aequalis F- 
Chrysothamnus; aemula quadrlfasclata F-Chrysothamnus; oregonensls 
oregonensls F; lepldospartl lepldospartl F; conflnls ZO; affecta ZO; 
fraterna F; townsendl F; alboplcta F; dubla parllls F; festiva ZO; 
vestlta F; halgi ZO; munda ZO; slmllls slmllls F; slmllls pascoensls 
IV; subvestlta F; toschlae ZO;. stottlerl. stottlerl F; (octomaculata) 
afflnl 3 F; aplopappl F; arldella F; electa F; hlrtlcepa candldlpennls 
F; ldonea F; knowltonl F; nuda F; perclncta F; reperta F; phymatae F; 
rectangulata F; rhodura F; sejuncta F; snowil F; gutlerreziae F; 
lmbellls ?; luteola F; me3lllen3ls F. 

Dufourea marglnata hallctalla F; oryx F. 

Ashmeadiella bucconls denticulate F. 

Osmla texana F; coloradensls F; callftrnlca F; grinnelll F; montana 
montana F; subau3trall3 F. (cont. over) 
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JcmpQ3ltae (cont.) 

Megachlle agustlnl F-Hellanthus; manlfesta F; nevaden3ls IV?; 

parallela facunda F; asterae ZO?; nebrasxana IV?; perlhlrta F. 

Dlanthldlum curvatum sayl F + ?; heterulkel heterulkel +?; parvucn 
parvum F; cressonl ZO?; slngulare F; 3ubparvum ?; ulkel ulkel F. 

Anthophora exlgua F; macullfron3 F (both Haplopappus/Chrysothamnus). 

Svastra obllqua expurgata F. 

Mellasodes rlvalis F-Clrslum; luplna F; plumosa F-Hellanthus; metenua 
IV; coreopsldls F; snowl F; coloradensl3 F-Hellanthus; lustra F- 
Haplopappus/Chrysothamnus; agllls F-Hellanttiu3; blmatrls F-Chryso- 
thamnus; menuachus F-3olldago/Grlndella; semlluplna F; blcolorata 
F-Chrysothamnus; perpollta F; confusa F; robustlor F-Hellanthus; 
pallldlslgnata F-Haplopappus/Chrysothamnu3; rustlca F; grlndellae 
F; hymenoxldls F; subagllls F-Grlndella; brevlpyga F-Haplopappus/ 
Chrysothamnus; lutulenta F; utahensls F; vernalls F; saponellus F; 
monoensls F-Chrysothamnus; mlcrostlcta F. 

Nothocalals 

Andrena nothocalaldls F. 

Malacothrlx 

Nomadopsls puellae F. 

Agoserl3 

Andrena ablegata F; evoluta F. 

Stephanomerla 

Perdlta albonocata F. 

Penstemon 

Anthocopa abjecta abjecta IV; abjecta alta ?; anthodyta anthodyta F; 
elongata F; pycnognatha pycnognatha F; trlodor.ta trlodonta F; Gsmla 
penstemonis F; spp. IV; Ashmeadlella au3trall3 F. 

Phacella 

Chelostoma phacellae ?; Dufourea trochantera F. 

Legumes 

Nomadopsls zebrata bobbae IV?; Tetralonia chrysophlla IV; spp. IV; 

Osmla Integra F; physarlae IV?; sedula F; clarescens F; gaudlosa IV?; 
klncaldll F; densa densa F; spp. IV; Megachlle rohwerl IV; Anthophora 
porterae IV?; Anthldlum mormonum F +Phacella; atrlpes F; clypeo- 
dentatum F. 

rrlfollua 

Nomadopsls flllorum ZO?; anthldlus lutea F. 

Sallx 

Perdlta sallcls monoensls ?; subtrlstls F; sallcl3 euxantha IV; sallcls 
sublaeta IV; Andrena erythrogaster F; subau3tralls F; llllnolensls F; 
labergel F; sallctarla F; lshll F; marlae F; slgmundl F; strlatlfrons 
F; wellesleyaea F; glbberls IV; andrenoldes F. 

Croton 

Perdlta crotonls caerulea F; crotonls Juabensl3 F; crotonls dlluclda F. 

Gayophytum 

Dufourea scabrlcornls F. 

Sphaeralcea 

Perdlta beatula F; latlor F; xanthochroa F; Dladasla lutzl F; ollvacea 
F + ; nltldlfrons F; Calltopsls rhodophlla IV?; Colletes sphaeralceae 
F; Hesperapls sphaeralceae IV; Protandrena sphaeralceae ? 

CamlS3onla 

Dufourea orovata F; Andrena nevadae F. 

Oenothera 

Andrena anograe knowltonl F; thorpl F; ravenl F; chyllsmae F; rczenl F; 
Tetralonia speclosa IV?; Anthophora affabllls F; Megachlle umatlllensls 
F; anograe IV?; Anthedonla nevadensls F; ophecodogastra noctlyaga F; 
Evylaeu3 aberrans F. 

Mentzella 

Andrena mentzellae F; Perdlta holoxantha IV; lunulata F; albata F; 
Conanthallctus mentzellae F. 

irlPAonua 

Perdlta xerophlla dlscrepana F; pectoralls ZO?; gentllls F; Jucunda F. 

Petalostemon/Amorpha 

Colletes gllensls ZO; petalostemonls IV; robertsonll F; albescens IV. 

Argemone wlsllzenla 

Andrena argemonls - emphasis only. Perdlta vlttata conflnls F. 

Cleome/Cleomella 

Perdlta depressa F; zebrata zebrata F; Nomadopsls scltula F; personata F. 
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Specialists In Great 3asln (cont.) 

Stanleya 

Perdlta wllmattae wllmattae F; wllmattae mlrlcornls F ; Andrena hallll IV.' 
lepldlum 

Perdlta florlssantella F; Nomadopsls australlor ?. 

Ceanotnus 

Andrena cleodora P; candldiformls F ( + ?). 

Calochortus 

Perdlta scullenl scullenl ?; scullenl segona ?; Nomadopsls clncta clncta F. 
Arct03taphylos 

Andrena obscurlpostlea F; crlstata F. 

Lomatlum 

Andrena tnlcrochlora F. 

Cryptantha 

Proterlades remotula F; lncane3cens lncanescens F; Andrena chapmanae F. 
Crucifers 

Perdlta cruelferarum F; Andrena pi perl F; scurra F. 

Cucurbit a 

Peponapls pruinosa F; utahensls F; Xenoglossa strenua F. 

Thelypodlum 

Andrena winnemuccana IV? 

Potent Ilia 

Nomadopsls edward3li F. 

Specialists in Montane Western U.S.A. 


Composltae 

Colletes fulgldus F; latlclnctus F; compactus compactus F; rufoclnctus F; 
slmulans slmulans F; lutzl montlcola F; 

He3perapl3 dlspar F; carlnata rodeckl F; 

Protandrena pectldls F; 

Pseudopanurgls fraterculus tlmberlakel F; 

Calllopsls chlorops F; coloratlpes F; 

Perdlta clllata IV; (Hexaperdlta) lgnota lgnota F; (zonalls) dubla dubla 
F; dubla parllls F; stottlerl stottlerl F; oregonensls expleta F; 
rlvalls F-Erlgeron; sweezyl F-Frigeron; (octomaculata) fallax F; 
snowll F; solldaglnls F; afflnls F; aperta ?; aplopappl F; luteola 
F; gutlerrezlae F; melanostoma F; phymatae F; rhodura F; 

Andrena (Callandrena) accepta F; calvata F; helianthl F; neomexlcana IV; 
ofella F; pecosana F; slmulata IV; sonorensls F; vulplcolor F; 
(Stenandrena) pallidifovea IV; (Cnemldandrena) Columbiana F; surda F; 
scutelllnlten3 F; nubecula F; apacheorum IV; colletlna F; sulcata F; 
hlrtlclncta F; costlllen3ls F; canadensis F; bocensls F; robervalensls 
IV (all Cnemldandrena emphasis Aster/Solldago). 

Dufourea marglnata marginata F; marglnata hallctella F (both Hellanthus+); 

Ashmeadlella bucconls dentlculata F; 

Herlades cressonl IV; 

Dlanthldlum curvatum sayl F; ulkel ulkel F; 

Osmla texana F; coloraden3ls F; callfornlca F; marglnlpennls F; montana 
montana F; montana quadriceps F; subaustralls F; 

Megachlle agustlnl F; wheeleri F; parallela facunda F; perlhlrta F; 
fldells F; frugalls frugalls F; lnlmlca sayl F; mellltarsls F; 
pugnata pugnata F; pugnata pomonae F; 3 ubnigra angelica F; frugalls 
pseudofrugalls F; 

Anthophora curta F (+?); 

Svastra obllqua expurgata F; 

Mellssode3 rlvall3 F-Clrslum; luplna F; composlta F; glenwoodensls F; 
coloradensls F-Hellanthus; agllls F-Hellanthus; perlusa F-Helianthus; 
montana F-Hellanthus; confusa F; pallldlslgnata F-Haplopappus/ 
Chrysothamnus; grlndellae F; 3ubagllls F-Grlndella; lutulenta F; 
mlcrostlcta F; lustra F; bimatrls F-Chrysothamnus; robu3tlor F- 
Hellanthus; pullatella F; wheeleri F; rustlca F; snowl F; 

Phacella 

Dufourea trochantera F; Proterlades laevlbullata ZO?; plaglostoma ZO?; 
ruflna ZO?; Chelostoma phacellae F; mlnutum F; Anthocopa copelandlca 
albomarglnata F; copelandlca copelandlca F. 

Polemonlum 

Andrena rlbblel ZO?; segregans F. 

Zlgadenus 

Andrena astragali F. 
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Fragarla 

Andrena melanochroa F. 
Prunus/Pyrus 

Andrena ml3erabllls F (+?). 
Cornu3 


Heuchera 

Colletes aestivalis F. 

Rlbes 

Andrena (Dactylandrena) spp. F. 
Stanleya 

Andrena hallll IV. 


maura F; dllatlpes F. 


Andrena blrtwelll F; Nomadopsls edwardsll F; 

flmbrlata slerrae F; Panurglnus 


arctostaphyllae F; Emphoropsls 


Andrena persimulata IV; flocculosa ZO? 

Campanula 

Dufourea campanulae F 

Symphorlcarpos 

Dufourea holocyanea F 

Potentllla + 

Colletes nlgrlfrons F 

Dufourea flmbrlata flmbrlata F; 
bakerl F; cressonlellus F. 

CalochortU3 

Perdlta sculleni segona ZO?; leucostoma IV?; pulllventrls ZO?; 
tularensls F; Dufourea calochortl F; dentlpes F. 

Mertensla 

Colletes panlscus panlscus F; panl3cus scullenl F; consors consors F(+?) 
consors pascoensls F ( + ?). 

Petalo3temon 

Colletes gllensls ZO; petalostemonl3 IV; robertsonll IV. 

Stelronema 

rtacropls nuda F; stelronematls opaca IV. 

Arctostaphylos 

Andrena crlstata F; obscurlpostica F; 
cineraria IV; Tetralonla acerba F. 

Gayophytum 

Dufourea scabrlcornls F; spllura F; subdavld3oni F. 

Legumes 

Andrena luplnorum F; Tetralonla aragalll IV; 3 pp. IV; Nomadopsls zebrata 
IV?; Megachlle melanophoea calogaster F; melanophoea melanophoea F; 
melanophoea 3ubmelanophoea F; melanophoea wootonl/rohwer1 IV; Osmla 
Integra F; longula F; nlfoata F; nlgrlfrons F; physarlae IV?; 
sedula F; trlfollama F; gaudlosa IV?; klncaldll F; mallna F; densa F; 
calcarata F; nlgrobarbata F; obllqua F; calla F; cyanopoda IV?; 
regullna IV?; gabrlells IV?; spp. IV. 

Sally 

Andrena semi punctata F; strlatlfrons F; slgmundl F; sallclflorl3 F; 

marlae F; subaustralls F; erythrogaater F; nevadensls F; wellesleyana 
F; andrenoldes F; conclnnula F; trlzonata F; labergel F; nlgrae F; 
3 allctarla F; llllnolensls F; Perdlta maculigera macullgera F; 
numerata numerata F; sallcls coloradenals F; sallcls subtrlstl3 F; 
wernerl ZO? 

Mlmulus 

Dufourea versatllls rubrlventrl3 F. 

Ceanothus 

Andrena cleodora F; macklae F; scurra F; candldlformls F. 

Ranunculus 

Andrena suavls F; caerulea F; cunellabrls F. 

Pen3temon 

Ashmeadlella australis F; Osmla pen3temonls F; spp. IV; Anthocopa 

trlodonta shastensls F; trlodonta trlodonta ?; oregona ZO; hebltls F; 
abjecta abjecta IV; abjecta alta F; elongata F; anthodyta anthodyta F 

Clarkla 

Melissodes clarklae F; Ceratlna sequolae F; Diadasla angu3tlceps F: 
Megachlle gravlta F; pascoensls F; Andrena lewlsorum F. 

Irlfollum 

Andrena plana F; Dufourea afasclata F; splnlfera F; Nomadopsls trlfolll 
IV (^Mlmulus); anthldlus anthldlus F; mlchenerl F. 

Lomatlum/Sanlcula 

Andrena mlcrochlora ?. 

Agoserla 

Andrena chalybloldes F. 

Sldalcea 

Diadasla nlgrlfrons F. 

Crucifers 

Andrena scurra F. 

Hydro phy Hum 

Andrena geranll F. 
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Composltae 

Colletes compactus F; slmulans F-3olidago/Aster/3idens; rufocinctus 
F-3olldago/Aster/Heterotheca; blrkmannl ZO?; latlclnctus F-Pectls/ 
Gutlerrezla; amerlcanus F-rister/3olidago; mandibularIs ZO?; lutzl 
IV?; 

Andrena(Callandrena) accepta F-Hellanthus; aliclae F-Hellanthus; 
melllventris F-Galllardia; rudbeckiae ?-Rudbeckla/Ratiblda; 
helianthl F-Helianthus; hellanthiformls F-£chinacea; lrrasus 
F-Amphlachrys; beameri IV; simplex F-Solldago; asteris F-Aster; 
bullata F-Heterotheca; Haynesl F-Hellanthus; gardlneri F-Seneclo; 
ardls F; berkeleyl ZO?; blscutellata ZO; tonkaworum - Engelmannla F. 

Calllopsls coloradensls F-Solidago/Bld9n3; 

Pseudopanurgus aethiops F-Hellanthus; albltarsls F-Hellanthus; rugosus 
F-Helianthus; 

TFterosarus labrosifrons dlstractus F; nebraskensls nebraskensls F; 
composltarum ?; lnnuptus F-Hellanthus; 

Perdita (Cockerellla) shlnnersl F; purpuraacens F-Gaillardla; perpulchra 
flavldior F; perpulchra punctatlsslma F-Heterotheca; lactelpennis 
lactelpennls F; lepachldls lepachldis F-Galllardla; lepachldl 3 
pallldipennls F; lepachldls canadensis F; coreopsidis kansensls F; 
(Hexaperdlta) pratti F-Hellanthus/Heterotheca; cambarella 
cambarella F-Eeterotheca; cambarella platyura F-Heterotheca; 
xanthlsmae F; fedorensis ZO; blshoppl planorum F-Heterotheca; 
lgnota crawfordl F-Heterotheca; ignota lgnota F-Heterotheca; 
foveata foveata ZO; foveata brachycephala F; alexl F-Hellanthus/ 
Heterotheca; (zonalls) stottlerl F; (Pygoperdlta) nebraskensls ZO; 

(?) alblpennis F-Helianthus; (octomaculata) luteola F; rnodura F- 
Haplopappus; gutlerrezlae F-Gutlerrezla/Haplopappus; latlclncta F- 
Haplopappus; melanostoma F-Gutlerrezla; lasiogastra F-Pectis; 
microstlcta ZO; bruneri F-3olidago/Grindelia; swenkl F-Solldago/ 
Grindelia; prlonopaidls F; trldentata F-Helianthus; fallax F- 
Hellanthus; dollchocephala F-Hellanthus; octomaculata terminata F- 
Solldago/Aster; atriventris F-Heterotheca; 

Dufourea marginata F; oryx F (both Hellanthus); 

homia heteropoda klrbll F-Helianthus; 

Paranthldlum Jugatorlum Jugatorlum F; Jugatorlum perplctum F (both 
Hellanthus); 

Dianthidlum curvatum sayl F; curvatum curvatum F; ulkel ulkei F; 

Ashmeadlella bucconls bucconls F; 

Osmla subaustralls F; texana F; 

degachlle townsendlana F; fortis F; parallela F; pugnata pugnata F; 
fidells F; pollcarls F; lnlmica sayl F; perlhirta F; frugalls F; 
nebraskana F; manifesta F; nevadensls F; wheelerl F; 

Diadasla enavata F-Helianthus; 

Svastra obllqua obllqua F; petulca F-Hellanthus; brevlcornls F- 
Hellanthus; comanche IV?; 

Melissodes trlnodls F-Hellanthus; vernonlae F-Vernonla; wheelerl F- 

Hellanthus; elegans F; sncwi F; grlndellae F; subagills F-Grindella; 
agllls F-Hellanthus; bidentls F-Hellanthus/Rudbeckla; boltoniae F; 
coreopsidis F; dentlculata F-Vernonla; fumosa F-Solldago; lllata F; 
menuachus F-Grindella/Solldago; rustlca F-Aster/Solldago; desponsa 
F-Cirsium; coloradensls F-Helianthus; tuckeri F-Aster/Heterotheca; 
dentlventris F; perlusa F; nivea F; confusa F; pallldlslgnata 
F-Haplopappus/Chrysothamnus; gelida F-Helianthus; microstlcta F; 

Legumes 

Chelostomoldes subexilis F; Megachile melanophoea melanophoea F; Osmla 
dakotensls IV?; spp. IV; Anthldlum macullfrons IV (emphasis?); 
psoraleae IV (emphasis?); atriventre astragali IV (emphasis?J; 
Tetralonla belfragei IV?; illlnoiensls IV?; chrysobothrys IV?; 
spp. IV; calllopsl3 andreniformls F. 

Petaloatemon /Amorpna 

Colletes robertsonil IV (+Amorpha); metzl ZO?; kansensls ZO?: aberrans 
IV; albescens IV (+Amorpha); suaannae IV; wilmattae F; petalostemonls 
IV; Andrena craglnl (Amorpha) F; Perdita perpalllda F; Hoplitis 
mlchenerl (Amorpha) IV; Xenoglossodes albata ZO? 

Sallx 

Perdita macullgera macullpennis F; macullgera bllineata F; Andrena 
llllnolen3is F; sallctaria F; nigrae; erythrogaster F; marlae F; 
trlzonata F; blsallol3 F; arenlcola F; wellesleyana F; andrenoldes 
F-, nlda IV. 
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Monarda 

Perdlta gerhardl gerhardl P; gerhardl dallaslana F; varlegata pura F; 
varlegata varlegata F; Metapsaenythla abdomlnalls abdomlnalls F; 
Dufourea tnonardae F. 

Pyrrhopapous 

Hemlhallctus lustrans F; Andrena verecunda F; afimbrlata IV; 

crawfordl F (+Serlnla); sltllllae IV; sentlculosa IV (+3erinla). 
Croton 

Perdlta crotonis crotonis F; crotonls dlluclda F; crotonls subnltens F. 
Stelronama 

Macropls clypeata F; nuda F; patellata F; stelronematls F. 

Ipomoea 

Melltoma taurea F; grlsella F; Cemolobus lpomoea F; Ancyloscells 
sejunctus F. 

0puntla 

Llthurgus bruesl F; aplcalls aplcalls F; Perdlta opuntlae F. 
euphorbia 

Nomadopsls hellanthl F; Perdlta labergl F. 
hesquerella 

Andrena trapezoldea ?; prlmullfrons F. 

Physalls/Chamaesaracha 

Colletes wlckhaml ZO?; swenkl ZO?; Perdlta maura F; hallctoldes F. 
Stanleya 

Perdlta wilmattae wilmattae F; Andrena halll IV. 

Oenothera 

Tetralonia speciosa IV?; Mellssodes flmbrlata F; Anthophora aterrlma F?; 
Sphecodogastra texana F; oenotherae F; Megachile arnica ZO; anograe F; 
oenotherae F; 

Calllrhoe 

Dladasla affllcta peraffllcta F; Mellssodes lntorta ?. 

Heuchera 

Colletes andrewsi F. 

Specularla 

Colletes brevlcornls- F. 

Rhus 

Andrena brevlpalpls F. 

Zlgadenu3 

Andrena astragali IV. 

Hydrophyllum 
Andrena geranil F. 

Prunus/Pyrus + 

Andrena tnlserablli3 F+. 

Lepldlum 

Nomadopsls australlor F. 

Hibiscus 

Ptllothrlx bomblformls IV {+?). 


Sphaeralcea +? 

Dladasla dltnlnuta F. 
Phacella 

Andrena lamelllterga F. 

Fragarla 

Andrena melanochroa F. 
Zlzla 

Andrena zlzlae F. 

Cleome 

Perdlta zebrata zebrata F. 
Mentzella 

Perdlta wootonae F. 

7erbena 

Calllopsls nebraskensls F. 
Melllotus ? 

Hylaeus bislnuatus IV. 


Specialists In Northern Boreal Forests 


Composltae 

Colletes compactus F; slmulans F-Solldago/Aster; amerlcanus F-Solldago/ 
Aster; mandibularIs ZO?; solidaglnis ZO?; 

Andrena (Callandrena) hellanthl F-Hellanthus; allclae F-Hellanthus; 
simplex F-Solldago; placata F-Solldago; asterls F-Aster; asteroldes 
F-Aster; (Cnemldandrena) canadensis F-Aster/Solldago; hlrtlclncta F- 
Aster/Solldago; nubecula F-3olldago/Aster; peckhatnl ZO; chromotrlcha 
F-3olldago/Aster; robervalensls IV; 

Paranthidlum Jugatorlum Jugatorlum F-Helianthus; 

Dlanthldlum simile IV; 

Osmia subaustralis F; 

Megachlle pugnata pugnata F; 

Svastra obllqua obliqua F; 

Mellssodes desponsa F-Cirslum; agllls F-Hellanthus; denticulate F- 
Vernonla; dentlventrls F-Aster; lllata F; rustlca F; subillata F; 
trlnodls F-Hellanthus; 

?Pseudopanurgus albitarsls F-Hellanthus; labrosus F-Hellanthus; 

?Pterosarus aestivalis IV; andrenoldes IV; llllnolensls IV; 
nebraskensls nebraskensls IV; solidaglnis IV; 
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Salix 

Andrena (Andrena) frlglda IV; clarkella IV+; (Mlcrandrena) sallctarla 
F; nigrae F; (Thysandrena) blsallci3 F; (Parandrena) andrenoldes 
F; nida IV: welle3leyana F; (Trachandrena) sigmundl F; marlae F; 
(lylandrena) erythrogaster F. 

Ericaceae 

Colletes productus ZO?; lmpunctatus ZO?; Andrena kalmlae (Halmla) F; 
bradleyl (Chamaedaphne) IV; Carolina (Ledum) IV; Osmla lnermis IV? 
Legumes 

i'iegachlle melanophoea F; 03mla Integra IV; 3pp. IV. 

Cornua 

Andrena perslmulata IV; nlgrlfrons F; Integra IV; fragllls F. 

Pontederla 

Mellssodes aplcata F; Dufourea nova-angllae F. 
itelronema 

Macropls longlligua F; cillata F; nuda F; patellata F. 


Pen3temon 
Osmla 3 pp. IV. 

Claytonla 

Andrena erlgenlae F. 
Fragarla/^aldstelnla 
Andrena zlzlaeforml3 F; melanochroa ?. 
Thasplum/Taenldla 

andrena zlziae F. 

Heuchera 

Colletes andrewsl F; aestivalis F. 
Mertensla 

Collete3 consors IV? 

Melllotus ? 

Hylaeus blslnuatus IV. 


Hhu3 

Andrena brevlpalpls IV. 
Hydrophyllum 
Andrena geranll IV. 
Prunu3/P.yrus + 

Andrena ml3erablll3 F. 
Cucurblta 

Peponapl3 prulnosa F. 
Oenothera 

dphecodogastra oenotherae F. 
5chiurn 

Hoplltl3 anthocopoldes F. 


Bee3 of Boreal America (Tundra 4 Muskeg) 


Mertensla 

Colletes consors me30scopu3 ZO. 

Potentllla 

Colletes nlgrlfrons F; Dufourea flmbrlata F. 

Aster/Solldago + 

andrena (Cnemldandrena) nubecula F; canadensis F: hlrticlncta F; 
Columbiana IV; robervalensls ZO. 

Ballx 

Andrena frlglda IV; marlae F; saliclflorls F; 3lgmundl F. 

Frlcaceae 

Andrena bradleyl (Chamaedaphne) IV. 

Legumes 

Anthldium p3oraleae zo?; Osmla longula ZO; (Acanthosmolde3) 3pp. IV; 
Megachile melanophaea melanophoea F. 

specialists In Oak/Hickory & Mixed-Mesophytlc Forests 
Compo3ltae 

Colletes solldaglnls F; mandlbularls ZO?; compactus F; slmulans F-Aster/ 
dolldago; amerlcanus F. 

Andrena (Callandrena) accepta F-Helianthus; allclae ?-Hellanthus; 

rudbecklae F-Rudbeckla/Hatlblda; hellanthi F-Hellanthus; simplex 
F-3olidago; placata F-oolidago; asterls F-Aster; dupllcata F- 
Eellanthus; gardlnerl F-3eneclo; fulvlpennis F; asteroldes F- 
Aster; (Cnemldandrena) hlrticlncta F-Aster/Solidago; nubecula 
F-Aster/Solidago; robervalensls IV; canadensis F-Aster/Solldago. 
Pseudopanurgu 3 rudbecklae IV; pauper ZO?; solldaglnls IV; rugosus F- 
Hellanthus; labrosus F-Hellanthus?; hellanthi F-Hellanthus? 
albltarsis F-Helianthus? 

Pseudopanurgu3 rugosus F-Hellanthus. 

?Pterosarus albltarsls IV-Hellanthus?; hellanthi IV-Hellanthus?; 

labrosus IV-Hellanthu3?; andrenoldes IV; composltarum IV; rudbecklae 
IV; solldaglnls IV; labro3lformls labroslformls IV; nebraskensls 
nebrasken3ls IV. 

Heterosarus llllnolensis F. 

Perdita (Cockerellia) bequaertl lndianensis F; (Hexaperdlta) boltoniae 
boltonlae F-ChrysopsIs; (octomaculata) 3wenki F-Solidago/Grlndelia; 
octomaculata octomaculata F-Solldago/Aster. 

Nomla heteropoda heteropoda F-Hellanthus. 

Osmla texana F. 
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.Specialists In Calc/Hlckory £ Mixed Mesophytlc Forests (cont.) 


Cotaposltae 

Megachile lnimica sayl F; frugalis frugalis F; pugnata pugnata F; 
parallela F. 

Ashmeadlella bucconls bucconls - emphasis only? 

Dlanthldlum simile IV. 

Paranthldium Jugatorium Jugatorium F; Jugatorium lepldum F (both Hellan- 
thus). 

Svastra obliqua obllqua F; petulca F. 

Mellssodes desponsa F-Clrsium; coloradensls F; agllls F-Hellanthus; 

bldentls F; boltonlae F; dentlculata F-Vernonla; dentiventrls F-Aster; 
fumosa F-Solidago; lllata F; nlvea F; rustlca F-Solidago/Aster; 
subillata F; tlncta F; trlnodls F-Hellanthus. 

Monarda 

Perdlta gerhardl gerhardl F; Metapsaenythla abdominalls tricolor F; 
Dufourea monardae F. 
itelronema 

Macropls ciliata F; nuda F; patellata F; stelronematls F. 

Cucurblta 

Peponapls prulnosa F; Xenoglossa kansensls F. 

Taenldla/Thaspium 

Andrena personata F; zlziae F; neonana ZO? 

Phacella 

Andrena lamelllterga F; phacellae F. 

Oenothera 

Sphecodogastra texana F; Anthedonla compta F. 

Cornus 

Andrena nlgrifrons F; Integra IV; fragills F. 

Sallx 

Andrena erythrogaster F; llllnoiensls ?; sallctarla F; nlgrae F; marlae 
F; bisallcis F; andrenoldes F; wellesleyana F; nlda IV. 

Legumes 

Megachlle lngenua IV; melanophoea melanophoea F; muclda F; Tetralonia 
atrlventrl3 IV; spp. IV; Anthldium macullfrons IV; Osmia spp. IV; 


Cruclferae 
Andrena arabls F. 

Ericaceae 

Colletes valldus IV?; productus ZO? 
FragarlaAaldstelnla 
Andrena zlzlaeformis F. 

Pyrrhopappus 

Hemlhallctus lustrans F. 

Krlgla 

Andrena kriglana F. 

Prunus/Pyrus +. 

Andrena olserabllis F+. 

Specularla/Campanula 
Colletes brevicornis F. 

Heuchera 

Colletes aestivalis F. 

Hibiscus 

Ptllothrlx bomblformls IV? 

Melllotus ? 
iiylaeus blslnuatus IV. 


Rhus Calliopsls andrenlformls 
Andrena brevlpalpis F. F 

Polemonlum 
Andrena polemonll F. 

Hydrophyllum 
Andrena geranll F. 

Viola 

Andrena vlolae F. 

Penstemon 
Osmia spp. IV. 

Physalls 

Perdlta halictoldes F. 

Pontederla 

Dufourea nova-angllae F. 
Passlflora 

Anthemurgus passlflorae F. 
Ipomoea 

Melltoma taurea F. 

Ceanothus ? 

Heterosarus pauper IV; vlrginicus 

IV 


Specialists restricted to Pine Barrens & Coastal Sandy 2. U.S.A. 


Composltae 

Colletes mltcnelll F; thysanellae ZO?; Andrena braccata F; placata F; 
fulvipennis F; Perdlta (Hexaperdita) blshoppl bishoppl F; blshoppi 
lsopappi p; boltonlae chrysoplna F; nublla F; (octomaculata) discreta 
F; consobrlna consobrlna F; consobrina leplda F; Megachlle inlmlca 
inlmica F; townsendlana F; Mellssodes pllleata F; manlpularls F. 

Physalls Kuhnlstera 

Perdlta halictoldes F. Colletes howardl IV. 

Monarda Pontederla 

Perdlta gerhardl monardae F. Mellssodes aplcata F. 

Euphorblaceae Hibiscus 

Perdlta plcturata ZO? Ptllothrlx bomblformls IV (+?) 

0puntla 

Llthurgus glbbosus F; Mellssodes mltchelli IV. 
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Specialists restricted to Pine Barrens & Coastal Sandy E. U.S.A. 


Ipomoea 

Melltoma taurea F; Cemolobus Ipomoea F. 

Ericaceae 

Colletes valldus IV?j Andrena daeckl IV. 

Oenothera 

Megachlle oenotherae F: Mellssodes flmbrlata IV; Anthedonla compta F. 
Specialists in Oak/Hlckory/Plne Forests 


Jomposltae 

Andrena (Callandrena) accepta F-Helianthus; aliclae ?-Kelianthus; 

ignota ZO; (Cnemidandrena) hirtlcincta F-Aster/Solldago; nubecula 
F-Aster/Solidago; 

Colletes compactus F; simulans F-Solldago/Aster; americanus F-Aster/ 
Solidago; mandlbularls ZO?; solidaginls ZO?; 

Perdlta (Cockerellla) bequaerti bequaerti ?; (Heiaperdlta) georgica F- 
Chrysopsls/Aster; boltoniae boltonlae F-Chryeopsls; boltonlae 
chrysopina F-Chrysopsis; (octomaculata) consobrlna consobrlna F- 
Chrysopsis; octomaculata octomaculata F-Solldago/Aster; 

Paranthidlum Jugatorium Jugatorium F; Jugatorium lepidum ? (both on 
Helianthus); 

Dlanthidium simile F; curvatum curvatum F; 

Ashmeadiella bucconls bucconls F; 

Megachile tovmsendlana F; parallela paralella F; pugnata pugnata F; 
frugalls frugalls F; lnlmlca sayl F; pollcarls F; 

Svastra aegis F; obliqua callglnosa F; petulca F; 

Mellssodes desponsa F-Clrsium; coloradensls F; agllls F-Hellanthus; 
boltonlae F; denticulate F-Vernonla; dentlventris F-Aster: fumosa 
F-3olldago; lllata F; nlvea F; rustica F-A3ter/Solidago; tlncta 
F-Aster/Chrysopsis; trlnodls F-Hellanthus; 

Mornla heteroooda heteroDoda F-Hslianthus; 

Pseudopanurgus rugosus F-Hellanthus. 

Heterosarus lllinolensls F. 

?Pterosarus albltarsls F-Hellanthus; composltarum IV; labrosiformls 
labroslformls IV; solidaginls IV; nebraskensls meusebeckl IV. 

Legumes 

Anthidium macullfrons IV (emphasis only?); Tetralonla atriventrls IV; 
spp. IV; Megachlle muclda IV: Ingenua IV?: Chelostomoldes spp. IV; 
Osmla spp. IV; Calllopsls andrenlformls F. 

Cucurblta 

Peponapls prulnosa F; Xenoglossa strenua F; kansensls F. 


Sallx 

Andrena marlae F; blsalicls F 
erythrogaster ?. 
raenldlum/Thasplum 
Andrena personate F; 

Opuntla 

Mellssodes mitchelll 
Oenothera 

Megachlle oenotherae 
Ericaceae 
Colletes produotus ZO?; valldus IV? 
Ipomoea 

Melltoma taurea F. 

Prunus/Pyrus + 

Andrena miserabllls F 
Cornus 

Andrena fragllls F. 

Pontederla 

Mellssodes apicata F. 

Stelronema 
“Macropis clllata 


andrenoldes F; nlda IV; nlgrae F; 

Ceanothus ? 

Heterosarus pauper IV; vlrginicus 
neonana ZO?; zlzlae F. 

IV; Llthurgus glbbosus F. 

F; Anthedonla compta F; Sphecodogastra oenotherae F. 
Krlgla 

Andrena krlglana F. 

Fragarla/Waldstelnla 
Andrena zlziaeformis F. 
Specularla 

Colletes brevicornls F. 

Gerardla 

Perdlta gerardlae IV. 

Melllotug ? 

Hylaeus bislnuatus IV? 

Potentllla 

stelronematls F. panurglnus potentlllae IV^ 


(+?) 


Passlflora 

Anthemurgus passlflorae F. 


Monarda 

Metapsaenythla abdominalls F. 
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Compositae 

Colletes slmulans F-Solldago/Aster/Bldens; mandibularla ZO?; 
solidaglnis ZO?; 

Andrena (Callandrena) allclae F-Hellanthus: asteroides r-Aster; 
fulvipennls F; 

Perdita (octomaculata) consobrlna leplda F-Chrysopsis; (Cockerellia) 
bequaertl bequaertl Fj lepachldla levlfrons F; (Hexaperdlta) 
georgica F-Chrysopsls/Aster; blatchleyl F; blshoppl bishoppl F- 
Heterotheoa; graenioherl F-Chrysopsls; boltonlae chrysoplna F- 
Chrysopsis; nublla F-Erlgeron; 

Paeudopanurgus rugosus F-Hellanthus; 

H8terosarus llllnolensis F; 

?Pteroaarus nebraskensis meusebeckl IV; solidaglnis IV; 

Dufourea marglnata F-Hellanthus; 

Nomla heteropoda klrbll F-Hellanthus; 

Megachils parallela F; townsendlana F; pugnata pugnata F; 

Svastra aegis F; petulca F; 

Mellaxodea desponaa P; agllls F-Hellanthus; boltonlae F» dentlculata 
F-Vernonia; dentlventrls F-Aster; fumosa F-Solldago; nlvea F; 
rustlca F-Aster/Solldago; tlncta F-Aster/Chrysopsls; trlnodla F- 
Hellanthus. 

Legumes 

Anthidlum maculatum IV (emphasis only?); Ostnla spp. IV; Tetralonia spp. 
IV; Chelostomoides spp. IV; Megachile lngenua IV. 

Sallx 

Andrena nlgrae F; blsallcie F; andrenoldes F. 

Ipomoea 

Melltoma taurea F; Cemolobus lpomooa F. 

Cucurblta 

Peponapla prulnosa F; Xenoglossa kansensls F; strenua F. 

Oenothera 

Anthedonla compta F; Mellssodes fimbriata F; Sphecodogastra oenotherae 
F; Megachila oenotherae F. 

Opuntla Specularla 

Lithurgus glbbosus F. Colletes brevlcornls F. 

Prunus/Pyrus + Ericaceae 

Larandrena miserabllls F (♦?) Colletes productus ZO? 

Pyrrhopappus Thasplum/Taenldla 

Hemlhallctua luatrans F. Andrena zlzlae F; neonana ZO? 

Gerardla 

Perdita gerardlae IV. 















